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INTRODUCTION 

The artistic behavior of the abnormal has been regarded from such 
divergent viewpoints and has been related to such a multiplicity of 
other artistic phenomena that it is difficult to classify and synthesize 
the material in any definitive manner. The present article is concerned 
with the basic approaches to the problem of insane art, with the rela¬ 
tion of such a problem to the fields of primitive, child, “populistic,” 
and modem and fantastic art, and with special consideration of the 
questions of genius and insanity in art and the relationship between 
artistic ability and personality traits. This article represents the 
second in a series of literature surveys covering different aspects of 
the major field of artistic behavior in the abnormal. The first article 
of the series (Anastasi and Foley 1941a) deals with historical and 
theoretical background, the material being classified geographically 
and chronologically; the third article (Anastasi and Foley 1940b) is 
devoted to a survey of the literature dealing with spontaneous pro¬ 
ductions of the insane; the fourth article (Anastasi and Foley 1941b) 
surveys the purely experimental investigations; further articles are 
concerned with the literature on special related phenomena, such as 
"trance” or mediumistic drawings and prison art. These articles, 
although autonomous, should logically be considered together and in 
sequence. It should be constantly kept in mind, as indicated in the 
other papers, that the term “artistic behavior” is here used to denote 
the patient’s concrete behavior in the activities of drawing, painting, 
modeling, writing, composing or playing, without recourse to value 
judgments of any sort whatever. 

MAJOR APPROACHES 
The Artistic Approach 

In the present section we are concerned with the artistic productions 
of the abnormal from a purely aesthetic point of view, i. e., as art 
products per se. We are interested in the artist’s attitude toward 
insane art, and are not primarily concerned with the relationship 
between insane productions and modem art, or with the opinion of 
psychiatrists and neurologists on modem art. Art products by abnor¬ 
mal patients have frequently served as a source of inspiration for 
various artists, and the techniques used by certain patients,—such 
as novel media, abstraction, distortion, or adaptation of the grain of 
wood or other natural phenomena,—have been employed by many 
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artists. It has been pointed out that such products often display 
original, “interesting,” and str ikin g aesthetic effects. The references in 
the present section are intended to illustrate the reactions to abnormal 
products on the part of artists, art critics, and the public at large. 
Perhaps the best indication of the interest in abnormal products is 
to be found in the number and popularity of exhibits of such work 
from a purely artistic point of view. Such products, to be sure, have 
been exhibited from time to time by psychiatrists for purely medical 
purposes; this type of exhibit, however, does not concern us here, 
and will be treated elsewhere by the writers (Anastasi and Foley 
1940b). 

In its 1936 exhibit of “fantastic art, dada, and surrealism,” the 
Museum of Modem Art in New York City included a small number 
of insane productions. In the catalogue and handbook to the exhibit, 
Barr (1936: 182, 186) reproduces a watercolor, a drawing, and a 
construction from the psychopathic works in the exhibit. A popular 
discussion of the exhibition is given by Davidson (1936), and a 
somewhat facetious account is found in an anonymous article in The 
Art Digest (Anonymous 1936). In 1936, part of the well-known 
Szecsi collection, containing 45 art productions by the insane, was 
exhibited at the Midtown Galleries, New York City. The collection 
was selected from those of Prinzhom and of Marie and from the 
asylums of Ville-juif and Sainte Anne in France. In the catalogue 
of the exhibit, Szecsi (1935) points out that the insane artist is not 
conscious of creating art, but is led by intense emotional necessity to 
express the objects of his peculiar “inner world.” Szecsi adds that 
the resulting work “is bound to be beautiful, for immediate creation 
of a great emotion results in beauty.” 

An anonymous article (Anonymous 1913) in Current Opinion 
contains an account of an exhibition of insane art held in London. 
Comments printed about the exhibit, one from the British Medical 
Journal, are also cited. Special consideration is given to a dis¬ 
cussion of the subject matter and legends on the pictures. The 
author points out the possible gain for the insane artist in being 
freed from the necessity of pleasing the public, and concludes regard¬ 
ing the artistic nature of the pictures that “every one worthy of con¬ 
sideration from the artistic point of view betrays the practical hand, 
and does not suggest the spontaneous evolution of an art expressive 
of untrammeled ideas.” 

The curious water-colors, pastels, crayon and black-and-white 
sketches made by Nijinsky, the famous Russian ballet dancer who 
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soon after the World War was taken to private sanitaria in Kreuzlingen 
and Zurich, Switzerland, as a schizophrenic patient, have attracted 
considerable artistic interest. For a number of years, he was under 
the care of Dr. Manfred Sakel, then of Vienna, and is said to have 
undergone insulin therapy. It is reported (Anonymous 1932, Stuart 
1938) that M. Paul Claudel, the distinguished French diplomat and 
friend of Nijinsky, first suggested that art materials be placed at the 
patient’s disposal. The resulting pictures were geometric and bizarre, 
showing faces and portraits made out of black-and-white or multi¬ 
colored rhythmically overlapping and intersecting circles and arcs. 
The works attracted the attention of Freud and Jung, of Vienna, who 
advised Madame Nijinsky to exhibit them. A collection of more 
than 50 paintings and drawings, illustrating the progressive stages 
of the dancer’s insanity, were exhibited in New York in 1932 (c/. 
Anonymous 1940a). A similar collection of Nijinsky’s works was 
exhibited under the auspices of the Group Theater at the Storran 
Gallery in London in 1937 (c/. Anonymous 1937, Stuart 1938) in 
order to raise funds for the sanitarium treatment. An Associated 
Press dispatch (Anonymous 1937) quotes an official of the Group 
Theater as stating that although they were shown “as works of art 
and not as psychological documents,” Nijinsky’s paintinp and draw¬ 
ings are of profound interest “precisely because, being psychological 
documents, they are at the same time works of art.” Numerous il¬ 
lustrations are reproduced in the above-mentioned articles (Anony¬ 
mous 1932, 1937, 1940a; Stuart 1938), as well as in the books pub¬ 
lished by Nijinsky’s wife (Nijinsky 1934,1936). 

In 1921, an exhibition of insane art was held in Frankfort, Germany, 
under the auspices of the Department of Psychiatry of Heidelberg Uni¬ 
versity. An American account of the exhibition (Anonymous 1921a) 
refers to Prinzhoro’s lecture on this exhibition, reported in the 
Frankfurter Zeitung, in which Prinzhom affirmed that the paintings 
owed their merit to the fact that their creators were dementia praecox 
patients. In 1928, an exhibit of painting and sculpture by psychotics 
was held at the Vanin Gallery in Paris, the works being taken from 
the well-known collection of Marie. Only the work of patients who 
were not artists before institutionalization was included in the exhibi¬ 
tion. An article in Science (Anonymous 1928) reviews the reports 
on the exhibit from the French correspondent of the American Medical 
Association. Several unusual paintinp are described, such as a pic¬ 
ture of roaring flames and fire, bought by a manufacturer to serve 
as the basis of a new wallpaper design, and a painting by a psycho- 



6 


ANNALS NEW YORK ACADEMY OF SCIENCES 


pathic priest depicting a pope blowing soap bubbles before an as¬ 
semblage of swooning frogs. Marie, it is reported, was of the opinion 
that some of the paintings, if removed from their environment and 
placed in the collections of a reputable dealer, would command high 
prices. 

Another exhibition of works by the insane was held from May 31 
to June 15,1929 in Paris, at the Gallery of M. Bine, 48 Avenue d’lfena, 
the proceeds going to the patients who had been discharged as cured. 
Marie (1929) described this exhibition in the Revue Scientifique, and 
a popular American account appeared in the Literary Digest (Anony¬ 
mous 1929). Approximately 200 items were displayed, reminiscent of 
the collections at Heidelberg assembled by Prinzhom, who sent some 
of his most curious specimens to this exhibit. Most of the products 
were from the collection of Mme. the Marquise de Ludre, who collected 
with Marie at Ville-juif for several years; other works came from 
private collections, notably from the pupils of Professors Claude, Laig- 
nel-Lavastine, and Bogenoff; Drs. Serieux, Marchand, Vinchon, and 
Borel, of Paris; Dr. Pailhas, of Albi; Drs. Mac-Auliffe, Bordet, 
Rogues de Fursac, of Ville-juif; Dr. Livet and M. Montyel, of Ville- 
Evrard. Visitors were plentiful, and the exhibition drew enthusiastic 
comments in the current Parisian press ( cf . Anonymous 1929). In 
discussing the exhibit and its implications, Marie (1929) refers to the 
exhibits of insane art organized by the psychiatric divisions of Inter¬ 
national Congresses, such as that at Bethlem in London “several 
years” prior to 1929, at Berlin in 1913, and at Moscow in 1914. 

An exhibit on “Art and psychopathology” (Anonymous 1938a, b, 
c, d, e) was held in October and November, 1938 at the Harlem Com¬ 
munity Art Center, New York City, under the joint sponsorship of the 
Psychiatric Division of Bellevue Hospital and the Federal Art Project, 
N. Y. C. The material consisted of work by patients in the hospital 
observation wards and in classes conducted by the Art Tea chin g Divi¬ 
sion of the Federal Art Project under psychiatric supervision. The 
material, consisting of drawings and paintings by children, adolescents, 
and adults, was selected and captioned for the exhibition by Bender. 
The catalogue (Anonymous 1938a) lists 106 works, classified accord¬ 
ing to the age and syndrome of the patient. Various case-types are 
presented, and sequence-development is illustrated in specific cases. 
A series of three conferences accompanied the exhibit, with well- 
known artists, art teachers and critics, and psychiatrists as speakers. 
The first conference, on October 24, 1938, marked the formal opening 
of the exhibit, and was concerned with general problems relating to 
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the field; Drs. K. Bowman and P. Schilder presented the psychiatric 
point of view; Messrs. H. Cahill and A. R. Stavenitz, the artistic. 
The second forum, on October 31,1938, for psychologists, psychiatrists, 
and psychoanalysts, was addressed by Drs. N. D. C. Lewis, S. Reiser, 
P. J. Curran, and P. Schilder. The speakers at the third conference, 
for artists, art critics, and art teachers, on November 7,1938, included 
Dr. P. Schilder and Messrs. L. Garfinkle, L. Rothschild, and A. R. 
Stavenitz. The exhibit and forums were well attended, and occasioned 
considerable comment in the newspapers (cf., e. g., Anonymous 1938d), 
as well as in Life (Anonymous 1938b, c) and Time (Anonymous 
1938e). 

Stavenitz (1939) points out the various advantages of the collabora¬ 
tive work at Bellevue. He discusses its implications (a) for the edu¬ 
cator, by furthering an understanding of personality differences, 
especially of the abnormal child; ( b ) for the art critic, in contributing 
toward an understanding of what the artist is trying to do and why 
he is doing it; and (c) for the practicing artist. Garfinkle (1939) 
also discusses the art work at Bellevue from the artist’s point of view. 
He holds that many of the pictures, aside from their psychiatric value, 
have attracted the attention of serious artists, and adds that this is 
especially true in the case of the schizophrenic patient, who “in¬ 
variably paints in symbols.” Garfinkle discusses what he considers to 
be the major characteristics of the art products of the common clinical 
types. 

Prinzhom (Prinzhorn et al. 1925) states that the meaning and value 
of a work of art cannot be judged by a psychopathological yardstick, 
i. e. } the artistic value of the product should be considered indepen¬ 
dently of the normality or abnormality of the artist. Stertz (1927) 
agrees with Prinzhom that schizophrenia does not create artistic 
values, although he contends that in some cases it may release talent 
which has found no opportunity of expression in former life. 

The enthusiastic reception of insane products into the realm of 
“legitimate art” has not been without dissenting opinion, however, 
as is illustrated by the views of Hyslop (1911, 1924, 1927), Pfeifer 
(1923), Stadelman (1927), and Ruckstull (1925), who deplore what 
they term the current tendency to elevate insane art. In his famous 
article on “Post-illusionism and art in the insane,” Hyslop (1911) 
launches a vitriolic attack upon the “post-illusionist” artists and 
critics whom he regards as either hysteric and neurasthenic “border¬ 
land dwellers” or “mattoids,” or malingerers. Hyslop’s treatment 
is based upon his observations of the artistic work of patients in 
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various hospitals; his discussion is often vague and figurative, and 
shows a strong bias against many of the tendencies in modem art. 
A popular article in Current Literature (Anonymous 1911) also pro¬ 
tests against the insane factors in modem art, with extensive quota¬ 
tions from Hyslop. Distortion in insane art is attributed to illusions 
and faulty perception. Hyslop reproduces his 1911 article in his later 
books, “The borderland” (1924: chapt. 13, Health and disease in art) 
and “Mental handicaps in art” (1927: chapt. 4, Disease in art). In 
both books, he warns against the “simulation of disease” by imitating 
visual defects or restricting art to the “grosser emotions.” 

Pfeifer (1923) maintains that whatever seems artistic in insane 
drawing is the last remnant of sanity. Stadelman (1927) holds that 
insane drawing is dissociated, and consequently cannot be regarded 
as “art.” In the appendix to his book, Ruckstull (1925 : 497—516) 
reprints Hyslop’s original article and goes on to discuss the similarity 
of modem and insane art, all of which he characterizes as grotesque, 
devoid of artistic merit, and distinctly pathological. Reference is 
made to the work of Pfeifer and of Stadelman as well as to several 
newspaper articles maintaining the decadent and degenerative char¬ 
acter of modem and insane art, Ruckstull contending that the simi¬ 
larity of the two is a sign of the decadence of modem art. This 
general point of view is reflected in the recent “sanity in art” move¬ 
ment founded by Josephine Hancock Logan, Chicago art patron, in 
1936 (c/., e. g., Anonymous 1940b). This society maintains that 
modem art is degenerate, insane, and not based on “sound funda¬ 
mental principles.” A storm of controversy has greeted the pro¬ 
nouncements and exhibits of the various branches of this society in 
Chicago, Los Angeles, and various other large cities. 

The Psychiatric Approach: Diagnostic Value 

It should be pointed out at the outset that most of the contribu¬ 
tions discussed in the other articles of the present series have been 
concerned, directly or indirectly, with the relationship between form 
of psychosis and characteristics of the drawing or other artistic 
product. In so far as such a relationship can be empirically shown 
to exist, to that extent could such characteristics be employed as valid 
diagnostic indicators of the particular syndrome. The present survey, 
however, will be limited to articles which have been specially written 
on this problem or to those in which the author specifically points 
out the diagnostic value of such productions. It should also be 
pointed out that no attempt will be made to survey the literature 
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dealing with the diagnostic use of various drawing scales in the case 
of neurotic, psychotic, or feebleminded children and adults. All such 
studies with the Goodenough and other drawing scales as well as with 
drawings from the Standford-Binet scale and other test series, will be 
discussed by the writers in a subsequent survey on experimental 
investigations (Anastasi and Foley 1941b). 

The first to suggest the diagnostic value of various art forms pro¬ 
duced by psychotic patients was Max Simon (1876), who as early as 
1876 pointed out specific characteristics of the drawings in the various 
psychoses. Simon does not confine himself to drawings alone, but 
discusses other products as well, pointing out, for example, that the 
individual forms of mental aberration are also distinguishable by the 
kind of dress, which he discusses in detail. In a later article (1888), 
he again calls attention to the diagnostic value of both drawings and 
writings, and attempts to formulate 6 major types, each correlated 
with a particular syndrome. Regis (1884) concludes that such draw¬ 
ings throw a great deal of light upon the development of manic- 
depressive psychosis and its change from one phase to another. He 
states that they are equally valuable in any other form of mania or 
melancholy, and believes that they may yield definite basis for 
prognosis. 

In volume 2 of his Manual (1885-1894: 551-558), Morselli discusses 
“individualism” and “ideographism and symbolism” as being the 
major characteristics of insane art, and reproduces 2 examples from 
his own collection: a self-portrait by a religious paranoiac, and a 
symbolic wood sculpture by a paranoiac with political and persecutory 
delusions. Morselli considers such characteristics to be of consider¬ 
able diagnostic importance. Although concerned also with the artistic 
merit of insane productions, Reja (1907), likewise mentions their 
diagnostic function. Rogues de Fursac (1905) points out that the 
artistic products of the abnormal are not all of equal clinical value, 
but can be divided into two classes: (1) those which are directly 
dependent upon the patient’s mental condition, e. g., a paranoid’s 
drawing of an hallucination, and (2) those created merely as an 
artistic product, e. g. ; a paranoid’s drawing of a landscape. 

Mohr’s experimental approach to insane drawings (1906-1907, 
1908-1909, 1925), to be discussed elsewhere by the writers (Anastasi 
and Foley 1941b), yielded results confirming those of Simon for 
spontaneous drawings. Mohr (1906-1907) concludes that the various 
syndromes have specific expressive reactions; hence drawing reactions, 
among others, may be indicative of different pathological conditions. 
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He elsewhere (Mohr 1925: 338) states that such drawings serve as 
“an indication of inner happenings.” In his textbook on “Experi¬ 
mental psychology and pedagogy,” first published in 1909, Schulze 
(1912) refers to the work of Mohr in discussing the use of drawings 
as an aid to diagnosis with children and with the insane, and repro¬ 
duces 6 insane drawings from Mohr’s publications. Kiirbitz (1912), 
following the techniques of Mohr, also concludes that the drawings 
of the insane show a close relationship to their disease and that they 
have a definite diagnostic value. He maintains that for complete 
diagnosis, drawings should be included: they are necessary but not 
sufficient for such purposes. Kurbitz adds that spontaneous draw¬ 
ings are much more indicative than those executed under more artificial 
and limited conditions. 

Sapas (1918), using methods similar to certain of those outlined by 
Mohr in which the subject is required to copy a geometric figure 10" 
after exposure, reports characteristics of the reproductions which 
could be used to differentiate the various psychoses. Sapas reports, 
“the drawings reflect very lucidly the personality and the character¬ 
istics of the disease,” and, “therefore scientific and diagnostic value 
can be attributed to these reproductions.” Becker (1934), also in¬ 
fluenced by Mohr and his followers, exposed simple designs to 75 
schizophrenics and later asked them to reproduce the desi gns from 
memory. Various characteristics of the schizophrenic reproductions, 
such as “expressive patterning,” “influence of felt forms,” “lack of 
coordinated plan,” etc., were found to differentiate them from the 
reproductions of a group of 41 normal control subjects. The recent 
work of a number of investigators on the relationship between syn¬ 
drome and drawing behavior offers indirect diagnostic implications. 

Many other 20th century psychiatrists have directly affirmed their 
belief in the diagnostic value of insane drawings. Dantas (1900) 
pointed out that the value of insane art is purely psychiatric. 
NScke (1913) holds that only in the acute stages of an attack can 
signs be found which are of diagnostic value. Aschaffenburg (1915) 
confines himself almost entirely to the psychiatro-diagnostic use of 
such products. Haberlin (1916) maintains that when we judge an 
art product as “imperfect,” we are making a similar judgment regard¬ 
ing the artist s personality, since the work of art is only a symbol of 
the deeper psychological “reality.” Perez (1917) considers both draw¬ 
ings and writings of the insane to be of great diagnostic importance 
because of their objectivity and their permanence, and mainta ina that 
the initiated can detect the type of insanity from picture and writing 
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as easily as the art critic can classify a picture into the proper school. 
In his discussion of the drawings characteristic of each clinical type, 
P6rez goes so far as to contend that all drawings by the same type 
look as though made by the same person, even though they may come 
from far distant places and times! 

A more conservative and somewhat skeptical view is held by Fay 
(1912), who does not believe that there is much to learn from an 
examination of the work of artists who have become insane. He 
points out that good paintings of delusions and hallucinations are 
rare; good artists rarely wish to paint such subjects. Fay states that 
the only examples with which he is familiar are so naively executed 
as to give a poorer idea of the patient’s condition than his verbal de¬ 
scription. The memory error must also be taken into consideration. 
Fay adds, however, that it is easier to detect pathological character¬ 
istics in the work of the trained artist than in that of the unskilled, 
whose imperfections of form and technique are difficult to interpret. 

As a result of his series of experiments on the creative activities of 
the insane, Abramov (1910-1911) concludes, “the experimental method 
employed in this study made it possible to draw lines between the differ¬ 
ent types of abnormality.” Hamilton (1918: 492) states that the use of 
drawings as indices of the kind of mental disorder is especially justi¬ 
fied in the case of paranoia; he cites the case of one of his Bloomingdale 
patients, suffering from religious delusions, who shaved his head, wore 
a monk’s robe, and drew marvelous mystic pictures, such as “weird 
heads of divine personages . . . intertwined with leaves and flowers 
and framed in fantastic arabesques.” Hickson (1913-1915) refers 
to abnormal drawings as “mental finger prints,” and cites briefly the 
diagnostic results obtained in the psychopathic laboratory of the Mu¬ 
nicipal Court of Chicago with the “Designs from Memory” test of 
the Stanford-Binet. 

Prinzhom’s literature survey (1919) credits Simon with having 
originated and emphasized the diagnostic approach to insane 
art. In a later article (1922), Prinzhom attempts to answer the 
question, “Are there characteristic schizophrenic forms in the artistic 
work of the insane?” He describes a series of pictures from the 
Heidelberg collection, bringing out their characteristics in short cap¬ 
tions, but states that he is unable to give a conclusive, diagnostic, 
and usable answer to the above enquiry. In his book, Prinzhom 
(1923a) also devotes considerable space to a discussion of the rela¬ 
tionship between the types of insanity and the character of the artistic 
output, and reiterates the many difficulties of the problem. The con- 
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servative motif is again dominant in the abstract of a report at a 
psychiatric meeting, Prinzhom (1923b) concluding that there is no 
clear-cut formula for diagnosing the artist’s mental state from a 
drawing. Rather must the drawing be evaluated as one manifesta¬ 
tion of the whole personality. Vinchon (1926) states that in a few 
rare cases, artistic production of a given work may be a precursor 
of insanity. The case of a young sculptress who, following the death 
of her lover, turned to religious mysticism and automatic sculpturing, 
is cited as an example. 

Delgado (1922) states that the drawings of the insane, together 
with their spontaneous or responsive explanations, often allow deep 
insight into the mental condition and psychopathic disposition of the 
patient. Delgado also sees in such drawings rich material for the 
psychoanalyst, and reproduces selected examples of drawings showing 
“sexual symbols,” “overcompensated homosexuality,” “intrauterine 
regression,” “incest desires,” “sexual bond to a parent,” etc. Pfister, 
who has abstracted the article (cf. Delgado 1922), points out that 
such examples are rare and do not prove the predominance of sexual 
motives and conflicts in such psychoses. Kempf’s psychoanalytic 
approach to insane drawings (Kempf 1920) implies their diagnostic 
value. He assumes a fixed “language of symbols” which when “in¬ 
terpreted” reveal a highly sexual “latent content.” Many other 
psychoanalysts have voiced similar, if more conservative, opinions. 

Schilder (1918) also considers insane drawings to be rich in sym¬ 
bolic content. In a paper read before the American Psychopatho- 
logical Association in Philadelphia in 1924, Lewis (1925) lists hyp¬ 
nosis, crystal gazing, automatic writing, dreams, and unconscious 
mistakes in speech, writing, and other forms of expression as various 
methods which have been proposed to explore “unconscious dy namic 
mechanisms.” He then discusses in detail (pp. 316-317) “the utiliza¬ 
tion of the unconscious revelations through graphic art which the 
patient can be encouraged to produce,” and adds that this has long 
been used as a psychoanalytic technique. Three interpretative levels 
are outlined: the manifest content, latent content, and deductive or 
derivative meaning. Lewis elsewhere (1928) discusses the graphic 
art productions in schizophrenia, affirming that an analysis of such 
works will “bring to consciousness the underlying difficulties of the 
creator” and will thereby “demonstrate the basic motives in these 
attempts to satisfy the individual instincts.” 

Janota (1924), in discussing Prinzhom’s view regarding the dif¬ 
ficulty of diagnosing a psychosis from a patient’s drawing, contends 
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that such drawings reveal symptoms of the illness. According to 
Janota, the diagnostic difficulty rests in the evaluation of the creative 
expression as a whole. He states that one should look for defect in 
the form and content of the drawing, just as one does in the case of 
speech; it is only by this analytic approach that creative works may 
reveal characteristic attributes and thereby aid in diagnosis. Pfister 
(1923) maintains that artistic appreciation may itself have diagnostic 
value. He states (p. 204), “Tell me whose works amongst the ex¬ 
pressionists you are enjoying and I will tell you who you are. For 
only he can understand the artist whose Unconscious speaks the same 
language as the artist’s own Unconscious.” Pfister elsewhere (1934) 
reports an experiment in which 431 psychotics were asked to draw 8 
designs with colored crayons; an analysis of the designs in regard to 
color and movement yielded results of diagnostic value for the dif¬ 
ferent psychoses. Karpov (1926) points out that if one understands 
the process of creative activity, one sees particular symptoms of illness 
in it which may be lacking in other aspects of the total clinical picture, 
but which at the same time are of considerable diagnostic aid. 

The intimate relationship between art and mental derangements 
is discussed by Plaut (1928) under the term “psychopathography.” 
He agrees with Prinzhom that art is not the product of sanity or in¬ 
sanity, but the expression of the whole personality. Heyer (1929), in 
a paper read at the 4th German Congress of Psychotherapy, 
contends that drawings are more direct expressions of psychological 
phenomena than the spoken word, and consequently can be used to 
advantage in psychoanalysis. He argues that they should be con¬ 
sidered not as art but simply as a means of expression during analysis, 
particularly as an expression of the “collective unconscious.” Heyer 
elsewhere (1933) discusses the use of both drawing and writing as a 
supplementary psychoanalytic method, and attributes its introduction 
to Jung in 1923. He reports (1933 : 252) that Paneth (1929) was 
concerned with the method of automatic or quasi-automatic drawing 
as a supplementary analytic technique later than but independently 
of Jung. Heyer reproduces 37 plates of drawings, made by 12-15 
patients, chiefly neurotics, depressives, and schizoids. One is a 
“mandala ”—a highly stylized and symbolical design which was started 
in the center and elaborated centrifugally in a very decorative and 
symmetrical fashion; the original, approximately 30 inches in diameter, 
required several months to complete. Such a “mandala” is considered 
by psychoanalysts to be of especial importance in indicating the 
workings of the “unconscious.” 
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In the “commentary” to a text on Eastern art by Wilhelm (1929), 
Jung discusses the mandala or “magic circle” at great length, poin ting 
out its independent occurrence and symbolic meanings not only in the 
East but also in European art since the early Middle Ages. He re¬ 
ports (1929 : 32) that he has found many mandala drawings among 
the insane as well as among his own patients. Some have danced 
instead of drawn the mandala. Jung continues, “The patients them¬ 
selves can say little about the meaning of the mandala symbol. They 
are only fascinated by it, and find it in some way connected with their 
subjective condition, and find it expressive and effective.” Jung 
states that the “golden flower,” the subject of Wilhelm’s text, is a 
mandala symbol which he has commonly found among his patients, 
“drawn as a regular geometrical ornament, or subjectively as a flower 
which grows from a plant.” He reproduces 10 representative man- 


dalas, drawn by 7 male and 3 female patients during psychoanalytic 
treatment. All occurred spontaneously and without the slightest 
Eastern influence. The occurrence of the mandala design in such 
widely differing groups is said to illustrate “the parallelism of Eastern 
philosophy with unconscious European ideation.” Jung has elsewhere 
termed this common substratum the “collective unconscious.” In his 
“Collected papers” (1920 : 41), Jung reproduces a mandala-like draw¬ 
ing of a mystic cosmic system made by a somnambulist. 


Emery (1929) employs the following psychoanalytic color sym¬ 
bolism in interpreting the results of an experiment on color prefer¬ 
ences: green—maternity, “womb fantasy”; blue—male; violet- 
royalty, mystery, dignity, penitence of Church, and possible feminine 
meaning; yellow—disagreeable side of life, linked with anal-erotic 
pleasures of early childhood; red—represents all that is stimulating, 
such as fire, love, blood, passion. Emery reports an experiment by 
Obemdorf in which it was found that a group of young student nurses 
preferred blue, indicating heterosexual interest; older social workers 
preferred green, which is interpreted as indicating interest in ma¬ 
ternity. Emery also reports an occupational therapy experiment in 
which a box was filled with large skeins of wool in red, blue, green, 
yellow, and violet. Sixty patients in an out-patient psychiatric clinic 
wwe asked to close their eyes and at a given signal to open them and 
mchcate the most attractive color. Emery reports that patients who 
had failed to progress beyond or had regressed to an infantile level, 

Ch ° Se yeUow; 4/5 of the depresses 
and 2/3 of the compulsive neurotics chose red, thereby allegedly in¬ 
dicating a death wish” or “desire to kill”; 1 feebleminded girl and all 
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cases of psychosexual infantilism chose green, indicating emotional 
immaturity. 

Hutter (1934) maintains that the art products of schizophrenics 
reveal their “world view”: a feeling of ruin, which is the central 
phenomenon in schizophrenia. He contends that such patients are 
not apathetic, although they may appear to be, and that from time 
to time the cataclysm of society or of the world or universe fills them 
with terror, which is shown in their paintings. Engerth, Hoff and 
Potzl (1935) describe the case of an artist suffering from temporary 
hemianoptic scotoma and associated hallucinations who was asked by 
the physician to draw his hallucinations as an aid to diagnosis. A 
drawing of his own hallucinatory face showed small squares, little 
men, and “lightning” around it. 

Merzbach (1930) describes the case of a 14-year-old boy, without 
talent for drawing, who drew obsessively while in a state of psychosis. 
Merzbach interprets the drawings as indicating a condition of periodic 
psychosis and as excluding the possibility of a diagnosis of schizo¬ 
phrenia. Schottky (1936) calls attention to a change in the style of 
drawings in the case af a 25-year-old female schizophrenic who had 
been a commercial artist. Schube and Cowell (1939) have recently 
developed a “Restraint-Activity index” for use in diagnosis. The 
patient’s drawings are rated from 0 to 100 in each of the following 
categories: (a) productivity, including quantity of output, scale of 
drawn forms, mass of color, quantity of detail, and size of rectangle 
used for drawing; (b) design, note being taken of whether or not the 
arrangement exhibits anxiousness, carefulness, deliberation, expansive¬ 
ness, or exuberance; (c) imagery, interpreted as the quality of vague¬ 
ness, symbolism, or literal or intellectual realism; and (d) technic, 
or the mechahical process of production, note being taken of whether 
the style is cramped, tight, hesitant, or uncertain, or evinces speed, 
certainty, fluency, or breadth. In each case, ratings at the 0 end of 
the scale indicate predominance of “restraint”; those at the 100 end, 
“activity.” The 4 ratings are averaged for the final “R-A index.” 
Schube and Cowell report data on the application of the scale to 168 
patients. 

Zachry (1937) refers to an “experiment” carried out by D’Amico 
and Vassar at the Ethical Culture School at Fieldston, New York, 
under the supervision of the Commission on Secondary School Educa¬ 
tion of the Progressive Education Association. Zachry (1937 : 35) 
reports, “it was found possible to take a series of pictures produced by 
any one student over a period of a year and trace in them the struc- 
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ture of that student’s personality.” This -was done by “observing 
similarities and discrepancies in the theme of the content which a 
student chose, and by observing the qualities of technique and skill 
in order to determine their variations.” Zachry (1937: 35) adds, “It is 
important to recognize here that symbols, represented through color, 
form, movement, and content, have more than their artistic context 
and may also be the expression of the various needs which an indi¬ 
vidual is seeking to answer.” 

Head (1926) describes four drawing tests as part of a series for 
examining aphasic patients. These tests include: (1) drawing from 
a model, such as jug or vase, and subsequently reproducing the draw¬ 
ing from memory; (2) drawing to command, the patient being re¬ 
quested to draw an elephant, selected because its salient features, 
such as trunk and tusks, are so obvious that their omission “clearly 
indicates defective powers of formulation”; (3) drawing the ground 
plan of a familiar room; and (4) drawing anything that comes to the 
patient’s mind unprompted. Several specific differences between the 
responses of aphasics and normals to these tests are reported and 
illustrated with case studies. In a paper presenting a schema for the 
examination of organic cases, Mayer-Gross and Guttman (1937) 
describe a number of tests and other standardized observations. 
Under the heading of “motility” they include drawing—“Can he draw 
on request a cross, triangle, house, man, or elephant? Can he copy 
simple drawings? Can he trace?” (1937:450.) At the Virginia State 
Colony for Epileptics and Feeble-Minded, J. N. Buck* has developed 
the “JNB Drawing Test,” in which the patient is asked to mak* suc¬ 
cessive drawings of a house, tree, and person, the drawings being scored 
with respect to attitude, plan, details, proportions, perspective, lines, 
self-criticism, drive, time, and subject’s comments. No results, how¬ 
ever, have been published to date. 


Claude and Masquin (1934) report the use of drawings in the case 
of a 54-year-old artist who was treated with malaria for general 
paresis. Under malaria treatment, the patient gradually began to 
scribble, then to make childish drawings, and slowly to regain his old 
technique, although the drawings never regained the ori ginali ty of 
his former work. Borja (1938) concludes that in some cases of schizo¬ 
phrenia, the only way to discover symptoms is by means of the 
imaginative drawings of the patient. He reproduces 22 such drawings 
and discusses their use in diagnosis. Orenstein and Schilder (1938) 
report the use of drawinp (copying 9 Gestalt figures) in the case of 


* private communication to the writers. 
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19 schizophrenics undergoing insulin treatment, the resulting drawings 
indicating a “disturbance in Gestalt function” as a result of the shock. 

T.iafi (1938: 97) discusses the following significant diagnostic 
criteria: (1) size—said to be “an index of inner attitudes toward 
dimension and physical stature” and to be “related to ego evaluations 
and attitude towards mass and space”; (2) line (including design, 
pattern, and form), which may be open and free or closed, repetitive, 
stereotyped, or ritualistic—fixity of pattern being said to indicate 
repression; (3) color—black and brown allegedly being associated 
with the “unconscious components of a depressive nature,” although 
attention is called to the need for evaluating this criterion in terms 
of the specific society; (4) subject or symbol, the finished product 
being interpreted according to procedures of dream analysis or play 
techniques. 

Pickford (1939) reports an analysis of a picture painted impulsively 
by a young male student, not trained as an artist. The painting was 
done in a fit of anger during a period of overwork. The interpreta¬ 
tion, aided by notes written and dictated by the artist, is said to 
show how aggression was expressed chiefly through attacks on fantasies 
symbolized by the cardboard and objects drawn, and how various 
distasteful ideas were symbolized in the painting. Guti6rrez-Noriega 
(1940) emphasizes the diagnostic significance of drawings in the case 
of a schizophrenic; the drawings reflected changes in perception, vague 
and distorted or bizarre ideas, and psychopathological experiences. 
Characteristics of the drawings are said to be closely related to the 
patient’s symptoms and to reveal “unconscious processes.” According 
to James (1939), the type of spontaneous drawings is sometimes a clue 
to the nature of the disorder. Fontes (1938) also stresses the diagnos¬ 
tic function of such drawings. Rosanoff (1938) describes clinical tests 
for reading and writing, and discusses the symptomatology revealed in 
writings as well as drawings by the insane. Segal (1939) likewise 
discusses the use of art as a test of normality. 

Baynes (1940) reports the use of dreams and drawings as diagnostic 
techniques in his psychoanalytic study of two borderline patients, 
who expressed the critical phase of their “psychotic conflict” in a 
series of drawings. Gutheil (1939) discusses the use of drawings and 
paintings of dreams “as a means for interpreting the artist’s uncon¬ 
scious” (p. 204), although he points out that both artistic training and 
experience in dream interpretation are necessary. Drawings by dif¬ 
ferent neurotic patients are reproduced and discussed psychoan- 
alytically in connection with the respective case histories. Gutheil 
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calls special attention to the symbols of bisexual organs, called 
“lingams,” one of which is reproduced in the text (p. 63). In their 
treatment of the clinical aspects of schizophrenia, Kihn and Luxem¬ 
burger (1940) discuss the artistic productions of schizophrenic patients 
along with other diagnostic clinical data, such as sensory illusions, 
deterioration of cognition, disintegration and hallucinations of speech, 
abulia, and various kinds of delusions. 

Nearly all of the above studies have been primarily concerned with 
drawings by adults. Several investigators have recently studied the 
use of drawings as diagnostic devices in the case of behavior dis¬ 
orders in children. In his “Psychology of early childhood,” Stem 
(1930) suggests that drawing may become a useful means of interpret¬ 
ing character in children, and refers to Krotsch’s similar emphasis 
upon its diagnostic value. Stem writes (1930: 368): 

“As soon as we look upon drawing as an expression-movement, its products be¬ 
come an important aid in diagnosis, disclosing under certain circumstances deep- 
seated qualities of the child's psychic dynamics. ... In this sense Krotsch 
considers children's spontaneous drawings—especially when access can be had to 
a number of productions by the same child—as affording evidences of character. 

. . . Here we find a new, possibly very fruitful, means of interpreting character 
in childhood, not however before its application has been systematized." 

In order to throw light upon the qualitative aspects of “intellectual 
growth” in young children, Isaacs (1930) reports detailed protocols 
of the behavior of children in connection with the Malting House 
School experiment in progressive education, carried on from 1924 to 
1927. Among the activities reported are drawing, painting, modeling 
in plasticine and in putty, as well as making paper dolls and making 
objects with boxes, chairs, and the like. 

Griffiths (1935) studied the spontaneous drawings, as well as 
imagery, ink-blot reactions, dreams, and original stories, of 50 English 
children 5-5% years of age, with M. A. range of 3-4 to 6-9 and I. Q. 
range of 66 to 129. Various emotional and mental factors were re¬ 
vealed by the drawings and elaborations upon them and by the other 
material. Thirty-six drawings are reproduced. Freeman (1936) dis¬ 
cusses the use of spontaneous drawings as a means of co mmun ication 
between certain socially maladjusted high-grade mental deficients 
and their physician. Cases are cited illustrating the application. 
Traube (1937) asked a group of six 14-year-old children to draw what 
they had done the previous Sunday and claims that certain traits of 
an emotional or intellectual nature were revealed by such drawings. 
Thus a predominance of geometric forms or the absence of living 
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figures was related to retardation. The number of details increased 
with age. Color played an important role, depression, for example, 
being indicated by a neglect of color or by a preference for brown or 
violet. The contents of the design are said to possess symbolic value, 
e. g. } the use of bars by a child who had been too strictly brought up. 
As a check on the theory that these drawings were pathognomic of 
certain defects, Traube tested a group of normal children and found 
that in most instances the pathological characteristics were absent. 

Bender (1937a) discusses the art project in the children’s observa¬ 
tion ward at Bellevue Hospital in New York City, originally under 
the guidance of Bernard Saunders. She points out, among other 
things, the diagnostic value of the material obtained. Bender has also 
published a series of articles dealing with the use of Wertheimer’s 
figures in an analysis of the motor factor in problem children and 
abnormal adults; her various papers, to be discussed in a later article 
of the present literature survey (Anastasi and Foley 1941b), are 
s umm arized in her recent monograph, “A visual motor Gestalt test and 
its clinical use” (Bender 1938). Curran, in his talk at the second con¬ 
ference on “Psychopathology and art” (c/. Anonymous 1938a), spon¬ 
sored jointly by the Psychiatric Division of Bellevue Hospital and the 
Federal Art Project, W.P.A., also stressed the diagnostic value of 
adolescent drawings. Curran elsewhere (1939b) discusses the func¬ 
tions of artists working in institutions with behavior problems or 
psychotic patients. He suggests that such artists should adopt an 
attitude of tolerance, take detailed notes while the patients are paint¬ 
ing and afterward, permit the patient free expression in his work, 
encourage him by exhibitions, and acquire knowledge of the principles 
of psychiatry and of their individual patients. Curran cites the 
Bellevue art classes, points out their value in diagnosis, and states that 
similar classes should be encouraged in other institutions. Again re¬ 
ferring to the Bellevue art classes, Curran and Schilder (1940) assert 
that in drawing, aggressive patients use bright colors, while those in¬ 
volved in problems of death and destruction use dark shades. They 
further point out that modeling may express a function rather than a 
definite object and that it may also demonstrate the child’s curiosity 
regarding his own body. 

Stavsky (1938) gives a highly psychoanalytic interpretation of the 
spontaneous drawings of a house and tree made on the blackboard 
by a child (I. Q. 133) while resting for the second part of the 
Stanford-Binet. Morgenstem (1939) likewise discusses the symbol¬ 
ism of children’s drawings, pointing out that as in the case of their 
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games, stories, and dreams, the real content of the drawings differs 
greatly from the manifest meaning. Morgenstem analyzes the draw¬ 
ings of two 9-year-old boys, one bordering on dementia praecox and the 
other a case of anxiety neurosis and total psychogenic mutism. Birds 
were used by both subjects in different ways to symbolize then- 
anxieties. Another recent psychoanalytic paper by McIntosh (1939) 
reports a study in which 3 maladjusted boys and 3 maladjusted girls 
(C. A. 6 to 13,1. Q. 68 to 126) were asked to draw anything they liked 
and then to tell the analyst about the picture. Interpretations were 
made by the analyst “when the drawings and associations seemed 
to justify them.” Edelston (1939) reports an analysis of a case of 
neurotic conduct disorder in a 7-year-old child, whose drawings were 
studied in relation to her phantasies and to the situations contributing 
to her difficulties. 

The use of art productions as diagnostic aids in child neuroses has 
recently been reported by Harms (1940). Three types of procedure 
were followed: (1) “line analysis”—an exercise in abstraction in 
which the subject is required to draw lines representing the “experi¬ 
ence value” of prescribed words, such as “dance,” “fear,” or “work”; 
(2) “affective release”—the representation of the affective significance 
of such words as “joy” or “pain” in color and form; (3) “fact test”— 
the representation in actual pictures of the subject’s replies or other 
reactions to specific questions, such as “What are you most afraid 
of?” or “What do you love most?” In his discussion of the results of 
such techniques, Harms emphasizes the diagnostic significance of the 
material. 

Spoerl (1940) studied the drawings of 11 retarded children, ranging 
in age from 7 to 9-10, and in I. Q. from 52 to 98; some of the children 
were described as decidedly psychopathic. The drawings, in pencil 
and crayon, included illustrations of stories, copies of pictures, and 
free choice drawings. The products were submitted to a total of 164 
judges (but not all judges were given all drawings), who were asked 
to sort the set of drawings into piles, each representing the work of 
a single child. The results were considerably better than chance, 
indicating a certain consistency in the child’s work. When the judges 
were subsequently asked to match brief written personality sketches 
of the children with specimen sets of drawings, the results were again 
better than chance, although certain subjects were judged with much 
greater accuracy than others. 

Ackerman (1937) describes an experimental play situation which 
may be used for the study of constructive and destructive 
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in children, the latter being defined in terms of types of building or 
breaking toys in the play situation. A correspondence was usually 
found between the child’s socially constructive and destructive be¬ 
havior and his performance in the experimental play situation; hence 
the value of the method as a diagnostic and prognostic aid. In a 
later paper, Ackerman (1938) reports the application of this method 
in a study of the constructive-destructive tendencies of groups of 
well adjusted, maladjusted, and delinquent children. Ackerman con¬ 
cludes that as a child grows older in a well adjusted direction, there 
is an increase of activity of the “flexible type”; as he grows older in 
a maladjusted direction, there is an exaggerated increase in both con¬ 
structive and destructive activity of a relatively rigid type. 

A somewhat related psychodiagnostic method, the “toy test,” is 
reported by Bolgar and Fischer (1940) in the case of 100 randomly 
selected adults. The subjects were asked to do whatever they liked 
with a standardized set of simple children’s toys, including all es¬ 
sential objects which constitute human surroundings, such as houses, 
trees, vehicles, buildings, bridges, persons, animals, and the like. Be¬ 
havior and verbalizations were recorded during the experiment, and 
the finished product was photographed or sketched. On the basis of 
such an analysis, it was possible to establish normal average reac¬ 
tions and characteristic deviations, as well as certain reaction forms 
typical of clinical groups. Bolgar and Fischer point out that the 
main advantage of this method is that it is non-verbal and that 
it deals with directly representative material which can be easily 
handled, regardless of intelligence, education, or specific experience. 

Finger painting has also been recently used for diagnostic purposes. 
Drewry (1936) reports its use with adult psychotics, both when the 
physician sat with the patient during the painting and discussed it 
with him, and when the painting was done in occupational therapy 
and subsequently discussed. Drewry is doubtful about its diagnostic 
value; the results are reported to be inconclusive and to be actually 
misleading in some cases. Previous art training must be taken into 
consideration. Mosse (1940) has recently reported results of finger 
painting analysis in the case of 30 neurotics, 21 male and 9 female, 25 
of the patients being from Bellevue Hospital in New York City and 
5 from his private practice. Painting-analysis was used in conjunc¬ 
tion with free association and psychoanalysis. No design was found 
to be specific for a particular type of psychoneurosis, although differ¬ 
ences were found between psychotics and neurotics. Mosse contends 
that finger paintings are of more diagnostic value in the neuroses than 
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psychoses. Additional studies dealing with children's finger painting 
will be discussed in the following section on therapy. 

Several writers have stressed the diagnostic value of “automatic 
drawing and writing” Miihl (1930), for example, believes that such 
material will reveal, in conjunction with psychoanalysis, “unconscious 
trends," “conflicts," and “repressed ideas." As early as 1912-13, 
Pfister (1912,1913a) reported analyses of selected cases of cryptolalia 
and cryptography, and discussed the use of cryptographic analysis in 
cases where dream analysis was difficult. Such automatic cryptic 
writings, or cryptograms, are said to afford excellent materials for 
psychoanalysis. Schultze (1938) reports the successful use of auto¬ 
matic drawing in place of the traditional association method in the 
case of a schizothymic female neurotic. Erickson and Kubie (1938) 
have recently described the use of automatic drawing in the interpreta¬ 
tion of a state of acute obsessional depression. The patient, a young 
girl, made typical “doodling” figures during the course of a psycho¬ 
analytic interview, and subsequent investigation revealed that such 
figures had been made by the patient since her emotional disturbances 
began. The case is discussed from a psychoanalytic viewpoint, and 
possible significances of the technique for psychoanalysis, such as a 
means of disclosing hidden “conflicts,” are pointed out. Three typical 
figures are reproduced. 

Arundel (1937), in his recent popular book of “doodles," has also 
emphasized their value in diagnosis, and reproduces doodles by a 
number of famous contemporary figures. Arundel describes such 
automatic drawings and writings as “accurate pictures of the Sub¬ 
conscious Mind" and as “psychic blueprints of man's inner thoughts 
and emotions." He reproduces a “Pixillation Chart” for aid in their 
interpretation, but points out that they cannot be accurately analyzed 
without a knowledge of the past experience of the maker. Arundel 
refers to the work of Muhl, and concludes, (p. 71) “psychiatrists 
agree that the designs in a doodle cannot be actually interpreted, but 
the character of the design, the manner in which it was made, the 
depth and harmony of lines, and the manner in which the designs, 
figures and words are coordinated with the activity of the person at 
the time the doodle was made are highly significant." A more de¬ 
tailed and objective study of such automatic drawing, although with 
less clinical emphasis than in that of Erickson and Kubie reported 
above, was made by Maclay, Guttman, and Mayer-Gross (1938), 
who analyzed approximately 9,000 doodles submitted in a contest to an 
English newspaper. The materials were analyzed with respect to 
content as well as conditions under which they were made. 
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We have already seen that certain writers, such as Simon (1876, 
1888), Pfirez (1917), and Rosanoff (1938), have also stressed insane 
writing as indicative of clinical syndrome. Marc6 (1864a), in his 
discussion of the diagnostic value of such writings, points out the 
need for comparison with the (control) writings of the patient before 
the onset of the psychosis as well as the need for information regard¬ 
ing the patient’s education; writings are said to be more indicative 
for better educated patients. Such writings, according to Marc6, 
can be regarded in two ways: (1) as expressions of delusive ideas, 

1. e., in terms of content, and (2) as graphic expressions, or design, 
e. g., shape, arrangement and assembly of letters, mode of arrangement 
of words, lines, pages, etc. He discusses the differential character¬ 
istics of each form of insanity in these terms, pointing out the value 
of such data in legal medicine. A second paper (Marc6 1864b) also 
reports cases in which the study of the ideational content and graphi¬ 
cal representation in insane writings was of diagnostic aid, the paper 
concluding with a survey of the characteristics of such writings in 
the various forms of insanity and with medico-legal applications. 

Diagnosis and prognosis are among the various problems connected 
with insane writing treated by Raggi (1874). He concludes that their 
diagnostic value is limited; they must be compared with former writ¬ 
ing; normal writing does not indicate the absence of mental disorder; 
and they should be combined with other symptoms for accurate 
diagnosis. Raggi also maintains that writings are of value in estab¬ 
lishing the general form of the disorder, and that they may often 
suggest the best means of treatment. In fact progress of recovery 
itself may be indicated in the writings. R6gis (1882) also reports 
that writings, apart from their orthographic characteristics, afford 
an excellent insight into the mental state of the patient. He adds 
that individuals are usually less reticent in writing about themselves 
than in talking, and concludes that in most cases the insane show 
remarkable gifts for expression in writing and that such writings often 
portray their symptoms with admirable clarity. Morselli (1894. vol. 

2, 494-558) also treats the writings as well as the plastic arts of the 
insane from a purely diagnostic angle. He discusses writing move¬ 
ments, the finished product in handwriting, and the content of the 
writing, and considers these the most important material evidence 
of insanity. 

Lauzit (1888), following a survey of most of the literature in in¬ 
sane writing prior to 1888, states as his chief conclusion that writings 
are a useful diagnostic device. He adds that in making the diagnosis, 
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one should observe all the details, including content, arrangement of 
■writing, manner of folding paper, and orthography, as well as such 
signs as numerous erasures, deformation of letters, underlined words, 
and use of capitals. Gamier (1894) points out that Pinel, Moreau 
de Tours, and Marce all affirmed their belief in the use of insane writ¬ 
ings for diagnostic purposes. Gamier discusses both (1) the graph¬ 
ological possibilities, which he feels are not so convincing since the 
different insanities could hardly modify the individuals to the point 
that all those of the same group would write alike, and (2) the value 
of the wri tings as a mode of ideational expression. The following 
clinical types are discussed, with examples of original letters, prose, 
and poetry: graphomaniacs (4 cases), chronic deliriants (5 cases), 
maniacal state (2 cases), general paralysis and dementia (3 cases). 
Gamier concludes that mental imbalance may show up with more 
clearness in writings than in any other mode of expression, and indi¬ 
cates some of the attributes of writing characteristic of delirium and 
degeneration. 

Lombroso (1895a) discusses the handwriting of the insane, with 
numerous illustrations, three of which (by monomaniacs) combine 
drawing and writing. He points out that the introduction of draw¬ 
ing in writings is especially pronounced among monomaniacs, who 
experience vivid images which they cannot describe in words and 
hence resort to drawing. Wundt (1896 : 320-321) considers the 
writings of the insane to be an excellent record of the “decay” of in¬ 
tellectual functions. He cites a “privately printed” book which 
showed progressive change from opening sentences “correct in form 
and expression,” through description of hallucinations, linguistic 
solecisms and disconnected associations, to the last few pages on 
which “there is not a single sentence that is brought to its correct 
grammatical conclusion.” Ballet’s comprehensive treatise (1903) 
contains a detailed discussion of language disorders. He states, 
(pp. 152-153) “the writings of the insane sometimes take the form of 
simple notes reflecting their special ideas. These are certainly the 
most interesting from the psychological point of view. Often they 
are veritable manuscripts, a monograph on the illness written by the 
patient himself.” He points out that in their minds such essays “are 
destined to prove the rectitude of their judgment, but show, on the 
contrary only the lack of their equilibrium and intelligence.” B all et 
continues (p. 153), “The mystic testaments and especially the holo¬ 
graphs written by the insane can furnish useful elements of medico¬ 
legal appreciation through writing, form, style, contents, sometimes 
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reflecting confirmed mental disorders. Comparative examination with 
previous writings of the patient is a necessary thing.” 

Koster (1903) discusses in detail the use of writing as a means of 
diagnosing various mental diseases, and cites extensive case histories 
to illustrate its use in different syndromes. Capgras (1911) holds 
that the pathological nature of certain insane writings aids diagnosis, 
but that normality of writing does not negate the possibility of in¬ 
sanity. This, he adds, is especially true in the case of paranoia and 
dementia praecox. Del Greco (1935) points out some of the psycho¬ 
diagnostic possibilities and limitations of writings. He maintains 
that apart from a few cases of confusion, disorders of perceptual and 
ideational representation, or complete deterioration, one cannot diag¬ 
nose psychopathy from literary products. One must always con¬ 
sider the individual in relation to his times and cultural environment. 
The use of writings in psychiatric diagnosis is also discussed in the 
recent paper by Fontes (1938). Kerschbaumer (1940) reports case 
studies of 4 patients who wrote poetry spontaneously, with sample 
poems by each. The patients included one paranoid dementia 
praecox, one variously diagnosed as manic depressive or psychopathic 
personality, one constitutional psychopath with sexual perversion, 
and a much improved case of unclear diagnosis. The characteristics 
and diagnostic value of the poetry are noted, Kerschbaumer conclud¬ 
ing (p. 156), “poetry, prose, drawing, sculpture—music belongs here 
too—are not only useful for the patient as a means of emotional ex¬ 
pression and relief from tension but are useful for the psychiatrist to 
gain a better understanding of the psychic structure in the psychotic 
and non-psychotic.” 

Legriin (1930) discusses a case of excessive variability of hand¬ 
writing as a graphological index of psychopathy. Schonfeld (1933) 
contends that the “writings” of pre-school children are graphologically 
as important as those of adults, since they reflect the child’s person¬ 
ality and indicate clearly an inhibited or maladjusted child. Ex¬ 
amples of “scribblings” by 5 children are reproduced. Fanta (1938) 
also indicates the diagnostic importance of graphology in the ease 
of problem or criminal youths. He analyzed the handwritings of such 
children without knowing the psychiatric diagnosis, and reports ac¬ 
curate results. Fanta distinguishes between the “mentally poor” and 
the “mentally sick,” and graphologically divides the latter into those 
with “weak will power” and those with “strong urge or passion.” He 
reproduces 11 samples illustrating the mechanics of the writing of the 
various types. 



26 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Mandowsky (1934) likewise attempts to study the general appear¬ 
ance and details of handwriting in an effort to obtain diagnostic indices 
of mental disorder, and reproduces 22 illustrations of writing. He 
reports an ins tance in which 12 members of his seminar attempted to 
judge the handwriting of 15 subjects (1 sane, 14 insane). He also 
discusses 25 specimens of schizophrenic writing with reference to their 
classification into 3 major sub-groups. On the basis of this varied 
work, Mandowsky concludes that from handwriting alone one cannot 
tell whether the writer is insane, although one can determine the direc¬ 
tion of his possible disease. On the other hand, if one knows that 
the writer is insane, his handwriting can help to diagnose the case. 
Mandowsky reports that of more than 200 cases studied by him, only 
2 were obviously written by the insane. Mendelssohn (1938) shows 
how personality changes during the course of psychoanalysis are 
reflected in the person’s handwriting, psychograms, and drawings and 
wax-figure models of dreams. Cases are cited to illustrate the diag¬ 
nostic use of these media in indicating progressive changes in the 
course of psychotherapy. Following Klages’ system of graphology 
(Klages 1935), Lewinson (1940) analyzes the characteristic “graphic 
syndrome” in 3 types of psychoses. She maintains that analysis of 
handwriting is a valuable psychodiagnostic technique although she 
admits that her own data are inadequate and her study primarily 
exploratory. Lewinson suggests the possibility of deducing by this 
means personality types which are predisposed toward the 3 types 
of psychoses, the trends being detected in the handwriting long before 
the onset of the disorder. 

The Psychiatric Approach: Therapeutic Value 

Apart from the use of artistic productions by the insane as purely 
diagnostic indices, there remains an additional psychiatric use which 
is distinguishable from though related to their use in diagnosis, viz., 
their therapeutic value. Although there is a certain amount of un¬ 
avoidable overlapping with the previous section, particularly in the 
psychoanalytic papers, an effort will be made to consider here only 
those papers in which the therapeutic value of artistic behavior in the 
abnormal is explicitly stated or clearly implied. 

Let us first consider the use of various forms of art therapy with 
children. No attempt will be made to review the extensive literature 
on play therapy (play, puppet, drawing, painting, finger painting, 
plastic art, etc.); only those studies in which such therapy involves 
a certain amount of free, imaginative and creative activity on the 
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part of the child will be treated. Levy (1934) discusses the use of 
art therapy in treating children’s behavior problems, especially those 
arising from “mental conflicts.” Among the media employed were: 
water colors, oils, clay modeling, plasticine, finger paints, colored 
pencils, and soap. The products were made spontaneously, although 
a minimum of 1 hour 3 times per week was required. Among the 
advantages of such therapy, Levy mentions its facilitation of recovery, 
the possibility of its use during negativistio phases, and its use with 
younger children who have difficulty in verbalizing. The following 
difficulties are discussed: it cannot be used on all children, necessitates 
frequent visits, requires passive cooperation (non-interference) from 
parents, and cannot be readily combined with other forms of therapy. 
In a review of recent techniques and instruments for mental hygiene 
diagnosis and therapy, Strong (1940) surveys the work on group 
activities and play and art therapy along with other therapeutic 
techniques. 

Potter (1935) also discusses play therapy in children. He points 
out that children present chiefly psychoneurotic and behavior prob¬ 
lems, the more severe psychoses being rare and the symptoms seldom 
crystallized into well-defined reaction types. Among the aims of 
psychotherapy in children, Potter mentions establishment of rapport; 
release of emotional tension through affording the child an opportunity 
to "express his conflicts” verbally or through observed play; analysis 
of behavior disorder or neurotic symptoms in terms of the child’s 
emotional conflicts and use of such knowledge in guiding those re¬ 
sponsible for his care and training; explanation to the child of his 
symptoms as these relate to emotional conflicts; and aid in “adjust¬ 
ment to reality.” Sell (1938), in his popular article, “Saving children 
from their pasts with the paint brush,” describes the use of painting 
with maladjusted and delinquent children at the Hawthorne Cedar 
Knolls School at Hawthorne, New York. The painting was done 
under the supervision of Harold Goldfinger, an artist teacher of the 
Art Teaching Division of the Works Progress Administration who 
was subsequently connected with the Bellevue art project, and the 
resulting products were later exhibited at the New School for Social 
Research in New York City. Sell reproduces 6 of the paintings, and 
discusses these and other cases in detail. 

Appel (1931) describes the use of story telling, reporting dreams, 
and drawing as sucessful techniques for establishing rapport with 
problem children, such as post-encephalitics. Among the specific 
procedures followed were included: interpretation of ink blots and 
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“blottoes,” drawings of a house, of different persons in the house, of 
the child himself, his nurse, physician, etc. The application of the 
technique is illustrated in the case of an 8-year-old post-encephalitic 
girl. Griffiths (1935), in her previously mentioned study of the spon¬ 
taneous drawings, associations, and imagery of 50 English children 
5-5*4 years of age, concluded (p. 225), “the opportunity to abreact, 
through the symbolism of drawing, what is not easily otherwise ex¬ 
pressed, is beneficial to inhibited children, as is also the accompanying 
desire to tell about what they have made. Free drawing has thera¬ 
peutic value.” Freeman’s paper on “Drawing as a psychotherapeutic 
intermedium” (1936) includes a discussion of cases in which socially 
maladjusted, high-grade mentally deficient children were asked to 
draw their “thoughts” on successive interviews. The resulting draw¬ 
ings proved to be of aid in correcting the behavior disorders. 

Bender and her associates in the children’s observation ward at 
Bellevue Hospital have made extensive contributions to the literature 
on art therapy in children. Among the various psychotherapeutic 
group activities described by Bender (1937b) are the different art 
projects, whose purpose is to furnish group experiences whereby the 
children can express their aggression without feeling guilty and can 
otherwise be relieved of their negative emotional attitudes of guilt, 
anxiety, apprehension, uneasiness, inferiority, and insecurity. Three 
major projects are discussed: (1) the puppet project, as described 
below; (2) the music project, in which homogeneous age groups en gag e 
in group singing, rhythm band, singing games, and individual per¬ 
formance on an “amateur” hour; and (3) the art project, originally 
supervised by Bernard Saunders. The latter project affords a con¬ 
tact with the child who might otherwise find it difficult to express 
himself, provides a continuous record of symptomatic development 
and improvement with therapy, and provides an objective and so cial ly 
approved means of expressing aggressiveness in place of overt anti¬ 
social behavior on the one hand or “phantasying” on the other. The 
group response to the child’s paintings is emphasized, including not 
only the reaction of adults, such as the artist and psychiatrist, but 
also the reaction of other children. 

Bender and Woltmann (Bender and Woltmann 1936; Woltmann 
1940) describe the therapeutic use of puppet shows, permitting the 
expression of (1) aggression by or towards the child and (2) problems 
of tiie child's love relationship with parents and siblings. The puppet 
project includes observation of the play (the most successful of which 
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were taken from folklore), subsequent discussion of the play with the 
psychiatrist, as well as making puppets, writing and conducting plays, 
etc. The authors point out that the group activity, as well as the 
relatively impersonal nature of the puppets, leads the child to express 
himself more freely than he would in a personal interview. The 
article is followed by comments by Wexberg objecting to many of the 
psychoanalytic interpretations. Bender and Woltmann (1937) else¬ 
where discuss the use of plastic material as a psychiatric approach 
to emotional problems in children. Each group of 5-8 children was 
given plasticine and an armature and told to make anything they 
wished. The authors discuss 20 illustrative cases, the interpretations 
being partly psychoanalytic and partly in terms of the objective past 
experiences of the child. Among the advantages of plastic over 
graphic expression are: coordinated movements of both hands are 
employed, the third dimension can be reproduced directly, and a single 
medium is used directly rather than paper and pencil. Bender and 
Woltmann conclude (p. 299), “Plastic material constitutes a suitable 
outlet for aggressiveness, counter-aggression, destruction and construc¬ 
tion. It has specific possibilities in helping children solve problems 
such as body composition, body posture and curiosity towards anal 
and genital regions. It serves as a medium through which the child 
expresses problems of his own in relation to his body, to family and 
to surrounding society.” 

Another paper by Bender (1937a) deals with the art project in 
detail and again emphasizes the therapeutic value of artistic expres¬ 
sion in establishing rapport, acting as a “catharsis” for aggressive 
impulses, serving as a socializing force, affording an opportunity to 
express the impulses for motor activity and for creation and experi¬ 
mentation with forms, as well as yielding a clinical record of progress 
and improvement. Five illustrative case histories are cited. In a 
description of the Bellevue ward for adolescents, Curran (1939a) 
mentions such activities as art classes, dramatic activities, educational 
projects, story-telling, bead work, etc. Curran also stressed the 
therapeutic value of drawing in his talk at the second conference on 
“Psychopathology and art” in New York City, October 31, 1938. 
Similarly, in his article on “Art techniques for use in mental hospitals 
and correctional institutions” (1939b), previously discussed, Curran 
emphasizes the therapeutic as well as the diagnostic function of art 
classes such as those at Bellevue. In a report of group therapy with 
children and adolescents, with special reference to discussions, draw¬ 
ing, modeling, playing with dolls, and the writing and production of 
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plays, Curran and Schilder (1940, 1940-1941) maintain that these 
activities permit free and acceptable expressions of aggression and love. 
A recent popular article by O’Bryan (1939) likewise refers to the 
Bellevue work, and indicates its value as a means of gaining rapport 
with the child, revealing his phantasies, and often showing what 
therapy is needed. 

Despert (1936-1938) also discusses technical approaches to the 
study and treatment of emotional problems in children. Among the 
te chni ques considered are: the story—a form of directed phantasy—, 
use of a knif e under definite prescribed conditions, drawing, “collective 
phantasy,” and playroom activities. In her later book (1938), Des¬ 
pert synthesizes the various methods of child psychotherapy used 
at the New York Psychiatric Institute and reported in her earlier 
series of articles. Edelston’s paper on “The analysis and treatment 
of a case of neurotic conduct disorder in a young child illustrating the 
value and use of drawing in child guidance technique” (1939) is con¬ 
cerned with the clinical history, treatment, and progress of a 7-year- 
old girl who was a decided behavior problem. The child and her 
surroundings are described, with special attention to the drawings 
which she made and to their relation to her phantasies. The drawings 
proved to be of direct therapeutic aid. 

Among the first psychoanalysts to employ drawings in working with 
children was Anna Freud. In her monograph on the “Technic of 
child analysis” (1928), she states (p. 24), “A further technical aid, 
which next to the use of dreams and day dreams comes to the fore 
in many of my child analyses, is drawing, which for the time being in 
three of my enumerated cases almost replaced all other communica¬ 
tions.” She adds (p. 25), “the child discloses itself as an eager dream 
interpreter, who produces an abundant flow of dreams and, at the 
same time, furnishes a series of interesting drawings, from which 
conclusions may be drawn concerning its unconscious impulses.” 
Klein (1937), in her discussion of the use of play therapy in the 
psychoanalysis of children, reports 3 cases in which drawings were 
used as a basis for analysis. Egon, a 914-year-old shut-in, obses¬ 
sional and pre-schizophrenic type, produced lines and scrawls which 
were interpreted as indicating sexual phantasies. Greta, 7 years of 
age, drew differently sized houses and trees alternately in an obses¬ 
sive way, the drawings being interpreted psychoanalytically as rep¬ 
resenting her mother, father, herself, and brother, as indicated by 
the differences in the sizes, shapes, and colors of the drawings and 
by the order in which they were drawn; the drawings were assumed 
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to reveal her anxiety and sense of guilt. Ilse, aged 12 and of border¬ 
line mentality, could be analyzed only through her apparently un¬ 
imaginative drawings done with compasses, in which measuring and 
calculating played an important role; the form, colors, and dimensions 
of the component parts were alleged to represent different people and 
to reveal the child's anxiety and sexual inhibitions. 

En g li s h (1936), after discussing the general problem of the psycho¬ 
analysis of children, which he states was initiated by Sigmund Freud 
in 1909, and after discussing the various psychoanalytic schools of 
thought with respect to problems of child analysis, reviews the “art 
technique” of Anna Freud and the “play technique” used extensively 
by Melanie Klein. In connection with the “environmental approach,” 
English discusses “recreational therapy” through art classes, dramatic 
clubs, etc., all of which are conceived as techniques for “self expres¬ 
sion.” The previously discussed work of Bender and her associates 
is also relevant at this point. Rogerson (1939) has also recently 
summarized the history of play therapy, including the work of Melanie 
Klein, Anna Freud, Levy, and Bender and Woltmann. Rogerson cites 
4 original case studies, and concludes with a theoretical discussion 
of the relationship with the therapist, fantasies expressed in play, 
and reasons for improvement. 

Liss (1936) reports that observations in classrooms where progres¬ 
sive education was employed suggested the possibility of using art 
work as one would dream analysis. Three illustrative cases of chil¬ 
dren are described: a girl’s dramatization of her difficulties through a 
puppet show; a 9-year-old boy’s painting and drawing accompanied 
by his own running comment, continued for 3 months, and reflecting 
a gradual solution of his emotional difficulties; and the spontaneous 
creation of a story by a 12-year-old boy. Each case is interpreted 
in terms of the child’s emotional “conflicts,” which are largely resolved 
by the art therapy. Morgenstem (1939) also treats children's draw¬ 
ings, as well as their j*ames, stories, and dreams, from a psychoanalytic 
viewpoint, pointing out their therapeutic importance. McIntosh 
(1939), having asked his subjects (3 boys and 3 girls, C. A. 6-13,1. Q. 
68-126) to draw everything they liked, requested them to tell the 
analyst about the pictures. Improvement was noted in all cases, and 
was marked in some, even though the analysis was not carried on 
long enough to show maximum results. McIntosh suggests that such 
a method would be superior to verbal free association in cases of 
children and other patients who are more inclined to draw and talk 
about their drawings, and that it would be especially suitable for 
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children who are too old for the analytic play techniques. A popular 
article by Malcolmson (1938) relates how the problem child’s fears 
and worries may be overcome by having him “paint his bogey man.” 
In an article on physically handicapped children, Mendenhall (1940) 
points out that participation in music, rhythmics, dramatics, folk 
dancing, clay modelling, and painting is one of the best ways to help 
such children to develop socially and emotionally. 

The psy chia tric use of finger painting is considered by Shaw (1934) 
in a general book on the use of finger paints. The author cites 
(chapt. 5) several cases of children who stammered or had obsessive 
fears or similar difficulties, and who recovered after trying finger 
painting. The therapeutic value is claimed to come from enabling 
the child to express the cause of his disturbance. Shaw discusses 
(chapt. 6) the use of finger painting to aid the child in understanding 
arithmetic, geography, etc., and reports individual case studies. 
Chapter 10, “A psychologist looks at finger painting,” written by 
Henry C. Patey, contains objections to the use of universal symbolism. 
After pointing out that a symbol is a “reduced cue” to be understood 
in terms of the individual’s particular experience, Patey discusses 
the use of finger painting in free association, “mental catharsis,” play 
techniques, and direct recall and verbal expression—the child talking 
into a dictaphone when interpreting the finger painting. Shaw’s work, 
originally done at her progressive school for children in Rome as a 
part of the art education program, has more recently been carried 
out in this country, and has been copied by a number of child psy¬ 
chiatrists and educators. 

Lyle and Shaw (1937) point out that finger painting is an unusually 
suitable medium for stimulating the expression of fantasies. It affords 
greater freedom and facility than most mediums. Since only the 
larger muscles are called into play, it can be used with very young 
children with ease. It requires less precision in handling, thereby 
affording a release rather than an increase of tension. It also affords 
satisfaction lacking in other art forms, such as the permission to play 
with mud, or “socially acceptable dirt.” Working at the Southard 
School, a non-profit corporation affiliated with the Menninger Clinic 
at the University of Kansas, Lyle and Shaw describe a number of cases 
of destructive and other forms of fantasy expression, reading inhibi¬ 
tion, etc., which were successfully treated by the use of finger painting. 
Two instances are reported of improvement in speech and general 
attitude in the case of children who at the time of enrollment would 
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not speak at all, although the authors are careful to point out (p. 81) 
that “both of these children were worked with intensively in a number 
of ways, so that it would be impossible to state what part of their 
progress could be attributed to the release obtained through painting.” 

The previously reported papers by Levy (1934) and by Bender 
(1937a) likewise report the use of finger painting, among other 
mediums, in the case of problem and mentally deficient children. 
Obrock (1936) points out the advantages of finger paints in creating 
pleasant forms of rhythmic hand and foot exercises for spastic cases; 
there is also relaxation from constant dipping in water and from 
pleasant tactual sensations. Finger paintings likewise stimulate the 
child's imagination in interpreting shapes. Obrock states that the 
child's paintings may not always be beautiful, but may frequently 
be sinister and horrible, an “outward sign of inward emotional dis¬ 
order,” and concludes that “this chart of the child’s emotional condi¬ 
tion may be an aid in his treatment.” Curry (1937) reports the use 
of finger painting as an accessory to story telling in the case of normal 
and problem children, the narrator altering the picture successively 
as he tells each new part of the story. An illustrative story about 
“farmer Brown,” with 4 successive stages of the picture, is given. 

Spring (1935) gives a psychoanalytic account of the finger-painting 
activities of a 10-year-old boy who had stammered severely since the 
age of 5, gave evidence of marked hatred of his mother, and was gen¬ 
erally irritable, unfriendly, and uncooperative. Spring reproduces 
2 of the boy’s pictures, which he maintains show clearly (sic) “the 
unconscious identification of words with feces, common to stam¬ 
merers.” A description is given of the boy’s progress in social and 
educational readjustment, of his development of better speech con¬ 
trol, and of the improvement made in various neurotic habits. Spring 
reports (p. 257), “according to the teacher, 5 of 6 stammering children 
she has worked with showed marked improvement, though therapy 
was never a conscious aim.” Spring feels that “the invitation to 
smear offers a situation suited to overcoming the sense of guilt con¬ 
nected with anal wishes.” Gitelson (1938) reports the inclusion of 
finger paints and other plastic materials among the toys in a play 
room, but discusses no concrete results. 

Drewry (1936) reports the use of finger painting for therapeutic 
purposes in the case of adult psychotics. Illustrative cases are de¬ 
scribed, Drewry concluding that the patients were more relaxed after 
the painting, and gained a better understanding of their difficulties. 
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Mosse (1940) discusses finger-painting analysis in the treatment of 
adult neuroses. He concludes that such a technique, in conjunction 
with free association and psychoanalysis, is more successful with 
neurotics than with psychotics. Fleming (1940) reports the use of 
finger painting in the treatment of 17 psychotics, aged 16 to 45 with 
an average of 25, distributed among the following syndromes: anxiety 
hysteria, conversion hysteria, pathologic personality, obsessive-com¬ 
pulsive neurosis, schizophrenia, and reactive depression. Special 
training or experience ranged from grade school to higher studies in 
art, music, or creative writing; only 3 had had training in finger 
painting. Fleming concludes that, along with free association, word 
association, ink blots, story telling, and play, finger painting offers 
an outlet for tension and promises to be a valuable medium for en¬ 
listing fantasy material of remarkable spontaneity and sig nificanc e. 

In the strictest sense of the term, nearly all of the psychoanalytic 
studies reported in the various sections of the present paper might 
be said to be relevant to the problem of the therapeutic use of the 
patient’s artistic productions. This is particularly true in the case 
of those psychoanalytic studies reported in the previous section on 
“diagnostic value.” There remain, however, certain additional psy¬ 
choanalytic papers which have stressed the theoretical aspects of such 
therapy or have reported cases of the use of art products in “catharsis,” 
expression of unconscious phantasies, etc. Prinzhom, Gesemann, 
Kronfeld, and Sach (1925) point out that psychoanalysts regard art 
as an auto-catharsis for the neurotic. Pfister (1913b, 1917) repro¬ 
duces 8 drawings and paintings made by an intelligent 18-year-old 
boy with extreme introverted tendencies in the course of psycho¬ 
analytic treatment. The patient’s associations to each picture were 
recorded, and both pictures and associations are interpreted in terms 
of his complexes. One of the pictures—that of a church—is repro¬ 
duced by Kempf (1920), who psychoanalyzes this and a wide variety 
of other artistic productions. Bertschinger (1911) reproduces 29 
drawings of people and weird animals, produced during psychoanalysis 
by a female hysteric with dementia praecox symptoms. The draw¬ 
ings, interpreted psychoanalytically, were used in psychotherapy. 

orsc ach (1913a) cites the case of a 40-year-old schizophrenic 
and feeble-minded house-painter whose interpretations of his own 
drawings were used to uncover his various complexes. Rorschach 
elsewhere (1913b) describes the symbolic content of the otherwise 
meaningless scribbled lines made by a 44-year-old schizophrenic. 
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Lewis (1925) stresses the therapeutic value of graphic art, pointing 
out that psychoneurotics are “benefited by this method of objectifying 
their difficulties.” He reports evidence of “collective or archaic un¬ 
conscious” in the drawings of neurotics and psychotics, and gives 
examples of “latent contents” which may be obtained from such draw¬ 
ings by the association method. In another paper (1928), Lewis main¬ 
tains that schizophrenic art productions serve in the important process 
of objectification and in the socialization of conflicts. He refers to 
Pfister's conception that an artistic work acts in the solution of the 
conflict and that its socializing character counteracts introversion and 
prevents the individual from being “swallowed up by the ego.” Ernst 
(1940) mentions drawing as one of the techniques of communication 
which the psychotherapist can use with advanced schizophrenics, 
whose condition is characterized by “dissymbole,” manifested in the 
patient's inability “to formulate his conceptual thoughts upon per¬ 
sonal topics or to discriminate the gradations of his emotions in 
language which is intelligible to others.” 

In his volume on the psychoanalysis of art, Baudouin (1929) re¬ 
ports a study of art appreciation by free association. Various pro¬ 
cedures were used, such as asking the patient to give his associations 
to a given work of art; or to choose a work which most pleased him 
from a given group; or to bring in any poem, painting, or musical 
composition for this purpose. The associations of 9 patients under 
such conditions are reported in detail. Baudouin concludes that the 
work of art in each case behaved like (served the function of) a 
dream, since it was constructed from symbols chosen by the patient 
and expressed his own complexes. In those cases where the subject 
was not allowed free choice of the work of art, the contact was less 
intimate. Among the functions of art, Baudouin mentions: instiga¬ 
tion of revery, catharsis, expression and objectification, symbolism 
and synthesis, and play and “psychological grafting.” Stekel (1923) 
likewise maintains that artistic creation, like psychoanalysis, releases 
“inner tension” and “unconscious conflicts.” 

Heyer (1929) calls attention to the “synthetic” value of drawing 
as a therapeutic device. Elsewhere (Heyer, 1933) he discusses the 
use of drawing in analytical psychotherapy. Jung (1920) reports 
the subjective “expressiveness and effectiveness” of the mandala de¬ 
signs made by patients during psychoanalysis. Mention has already 
been made of the psychoanalytic discussion and experiments on color 
symbolism reported by Emery (1929). Emery also stresses the emo- 
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tional appeal and satisfaction derived from color in occupational 
therapy. In addition to its use in revealing "unconscious symbolism,” 
it frequently arouses the interest of otherwise disinterested patients. 
Kris (1936) contends that the artistic activities of the insane constitute 
attempts to readjust to reality, and thus may be said indirectly to 
have therapeutic value. Wulff (1936) maintains that Kris’ theory of 
the therapeutic significance of insane art should be revised. He holds 
that the poverty of schizophrenic productions is not the simple out¬ 
come of paucity of mental content, but that such productions are the 
result of " uns uccessful attempts to restore the personality” and as 
such represent "a compromise formation between the therapeutic 
striving and the alienation.” 

In addition to her play technique used in child analysis, described 
above, Liss (1936) mentions (1) the case of a young male artist with 
obsessional neurotic symptoms and kleptomaniac tendencies who 
brought in some of his current sketches and spontaneously interpreted 
them, and (2) the case of a young woman with no special talent who 
began sketching, painting, and working with soap and clay and who 
spontaneously interpreted her products. Wickes (1938) considers 
drawing as “another way in which images may appear,” and repro¬ 
duces and discusses 79 drawings and paintings, about one-half in 
color, made during or in the course of psychoanalysis. Data regard¬ 
ing the subject are not given in each case, although some of the 
subjects were evidently “normal” and others psychotic but not insti¬ 
tutionalized. Certain subjects undoubtedly had artistic training. 
Many of the drawings are imaginative and grotesque. Pickford 
(1939) points out the therapeutic value of a picture painted im¬ 
pulsively by an artistically untrained male student in his early 
twenties. Baynes (1940) discusses the extensive drawings made by 
2 borderline patients during psychoanalytic treatment. The therapeu¬ 
tic as well as diagnostic r61e of the drawings is emphasized, Baynes 
maintaining that “with these drawings the patients created their own 
individual myth through which the self-healing attempt of the psyche 
was made manifest.” Gutheil (1939) also reports the use of drawings 
in connection with psychoanalytic dream interpretation with neurotic 
patients. 

Mohr, in his manual on therapeutic methods (1925), refers to the 
clinical use of simple and complex drawings. Vinchon (1926) divides 
the insane into two classes: (a) the hallucinated and deluded who 
preserve mental integrity, and (6) those whose integrity and contact 
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with reality are lost. The therapeutic effect of drawing is discussed 
for each of the two types of patients. Vinchon suggests that drawing 
could serve a sublimative function in the second type, although this 
is usually not the case since patients with artistic talent are rare and 
since the drawing itself is often the result of the insanity. Liss 
(1938) also discusses the therapeutic value of the graphic arts, em¬ 
phasizing their “cathartic” value as an “emotional release,” their use 
in revealing emotional factors at work in the individual, their function 
in the abatement of tension and in “making a bridge to reality,” and 
their aesthetic value in providing a common bond or empathy between 
the individual and the group. Segal (1939) is concerned with the use 
of art as a test of normality as well as with its application for 
therapeutic purposes. 

In a recent article, “Releasing curative values in the unconscious 
through the finger tips,” James (1939) concludes that satisfactory 
compensation sometimes results from sketching dream pictures or 
visual hallucinations or writing down the words of auditory hallucina¬ 
tions. Harms (1939) points out that inasmuch as most mental 
diseases are unpleasant, whereas art in general is pleasant, the latter 
should make some helpful therapeutic contribution to the former. In 
her popular article on “Art and mental health,” Kerschbaumer (1939) 
discusses art instruction in larger mental hospitals as a means of 
“psychic comfort” and as an important aid in recovery. An example 
of the therapeutic value of artistic production in the case of the feeble¬ 
minded is afforded by the work of Ziehen (1904), who reports success 
in the use of drawings in the education of imbeciles. 

On the basis of their extensive work at the Boston State Hospital, 
Schube and Cowell (1939; in press) report that psychotics undergoing 
art therapy showed recovery, as measured by their “Restraint-Ac¬ 
tivity” scale (c/. previous section). They maintain, however, that 
previous art training seems to insulate the patient from the therapeutic 
influence of a similar branch of art, patients with previous art training 
showing little improvement in their condition, and in some cases a 
detriment. At St. Elizabeths Hospital on July 22,1940, Cowell sum¬ 
marized the Boston work in his talk on “Art productions of the men¬ 
tally ill and their relation to diagnosis and prognosis.” A creative 
therapy department was initiated at St. Elizabeths Hospital in 1940 
by Cowell, who is Director of the National School of Art, Wash¬ 
ington, D. C. 

At a number of mental hospitals, WPA artists are being employed 
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to stimulat e drawing and painting among the patients as a thera¬ 
peutic measure. Typical projects of this sort are being carried on at 
Bellevue Hospital in New York City and at Longview Hospital in 
Cincinnati, Ohio. The patients work in groups in a special room, are 
furnished with suitable materials, but are left free to draw what they 
choose and in their own way. The art teacher is at hand to furnish 
t echnical suggestions when requested, and the products are often ex¬ 
hibited where other patients may see them. In a paper presented at 
the meeting of the American Psychiatric Association in Cincinnati, 
Ohio, May 24, 1940, De Groot (Anonymous 1940c) cited cases illus¬ 
trating the rehabilitating effects of artistic productions, and exhibited 
50 sketches and paintings made by neurotics and psychotics who had 
never done artistic work before. 

Automatic drawing and writing have also been used by psycho¬ 
analysts for therapeutic purposes. Muhl (1930) discusses various 
modifications of such a technique, and reports case studies in which 
therapy was achieved by such a procedure. The previously mentioned 
study by Erickson and Kubie (1938) also demonstrates the role of 
automatic drawing in the relief of pathologic symptoms. Typical 
“doodling” figures, made during psychoanalysis by a young female 
patient in a state of acute obsessional depression, were interpreted as 
disclosing the nature of her conflicts, and were used to effect a thera¬ 
peutic result. Schultze (1938) reports the substitution of automatic 
drawing for free association in the case of a schizothymic female 
neurotic. Interpretation of the symbols proved to be an effective 
means of therapy. 

Many of the papers on handwriting discussed in the previous sec¬ 
tion on diagnosis present therapeutic implications, and need not be 
repeated here. Thus Schonfeld (1933), for example, states that an 
intelligent study of pre-school children's “scribblings” will aid in both 
diagnosis and therapy, and that successful treatment will be reflected 
in such products. 

Several writers have emphasized the therapeutic significance of in¬ 
sane writings. As early as 1860, Delepierre (I860) mentioned several 
asylums where writing was encouraged for its therapeutic value, with 
good results. Several years later, Raggi (1874) discussed insane writ¬ 
ings in relation to prognosis and treatment, contending that not only 
may suggestions as to the best means of treatment be obtained from 
an examination of such writings, but the progress of recovery can 
likewise be indicated in the writings themselves. Hinrichsen (1911) 
regards poetic creation as a kind of catharsis. He elsewhere (Hin- 
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richsen 1932) refers to the “release of tension” by artistic productivity, 
and cites cases of patients as well as eminent writers to support his 
contention. An example of a recent study in this field is to be found 
in the paper by Kerschbaumer (1940), who concludes (p. 156) that 
poetry and prose, as well as drawing, sculpture, and music, are “use¬ 
ful for the patient as a means of emotional expression and relief from 
tension.” Finally, it might be mentioned that institutional journals 
and similar publications have frequently been used for therapeutic 
purposes. Andrews (1876) gives an historical account of efforts to 
use this therapeutic technique prior to 1876, obtaining his data from 
asylum reports. A discussion of such journals and other writings by 
the insane will be found in a subsequent article by the writers (Anastasi 
and Foley 1941b). 

In concluding the present section on the therapeutic value of artistic 
activities in the insane, let us briefly consider the problem of music 
therapy. Only the most representative studies will be reported, and 
experiments on the effect of music upon breathing and other physio¬ 
logical functions in normals and abnormals will not be considered, 
since they are irrelevant to our primary interest in artistic behavior. 
From the earliest historic times, music has been regarded as having 
therapeutic properties, and examples of such therapy, though inter¬ 
woven with superstitions, will be found among the early Egyptians, 
Greeks, Romans, as well as in various forms throughout the Middle 
Ages. Not only do such conceptions date from remote antiquity, but 
they are also current among many primitive peoples, intimately tied 
up with magic, sorcery, and religion. 

Among the early Greeks who ascribed medical virtues to music 
were Thales, Pythagoras, Xenocrates, Theophrastus, Asclepiades, and 
Celsus. Aretaeus and Galen both used music therapy. In fact most 
of the early philosophers and physicians expressed opinions on this 
matter, some of which were doubtless based upon empirical evidence. 
During the Middle Ages, when “dancing manias” or Tarantism— 
ascribed to demons or, in Italy, to the bite of the tarantula—were com¬ 
mon, music was used throughout Europe as the chief therapeutic agent 
to hasten the attack and to soothe the subject after the peak of the 
attack had passed. Celsus maintained that the melancholy insane 
could be relieved by cymbals and symphonic music, and physicians 
in various countries have subsequently reiterated this claim. To sur¬ 
vey this extensive literature would require space far out of propor¬ 
tion to our present interests. A brief historical survey of much of 
this literature will be found in the references by Diserens (1926), 
Diserens and Fine (1939), and Podolsky (1938, 1939). 
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Podolsky (1933, 1938) gives a brief and semi-popular account of 
famous instances in which music therapy was used for mental as well 
as physical ills, beginning with the Early Egyptians, Hebrews, and 
Greeks. Zenocrates, Sarpander, and Arion used music to curb the 
outbursts of madmen . Celsus, one of the most illustrious of early 
Greek doctors, was an enthusiastic exponent of music therapy. Es- 
culapius is said to have cured certain cases of deafness by the Bound 
of the trumpet. Specific instances are also cited of the effects of 
different kinds of music on physical ills and in arousing emotions in 
normal persons. Bruckman and Hufeland, about 200 years ago, cured 
cases of St. Vitus dance with music; Dessarts cured catalepsy. 
Sneider and Beck used music in treating hysterical and hypo¬ 
chondriacal conditions. In the 17th century, music therapy was wide¬ 
spread; both Philip V of Spain and George II of England were cured 
of fits of melancholy bordering on insanity by series of special “con¬ 
certs” arranged for that purpose. At the end of the 19th century, 
the “Guild of St. Cecilia” and other similar societies organized curative 
concerts for asylums and other hospitals. Wimmer, in the 1860’s, re¬ 
ported many cases of improvement within a group of 1400 insane 
women following a half-hour piano concert. Examples are also given 
of the use of music by primitive “medicine men” of many tribes, such 
as among certain of the American Indians. 

Podolsky (1938) states, “Music has emerged as one of the most 
pleasant of all curative agents. Psychological observations are con¬ 
firming by measurement what many suspected for a great many 
years—that music exerts a profound influence on almost every organ 
in the human body.” In his later popular book, “The doctor pre¬ 
scribes music,” Podolsky (1939) reports numerous anecdotes regarding 
the effect of music on behavior, together with a r6sum4 of a few of the 
experiments in this field. Musical compositions are said to serve as 
tonics and as sedatives; to alleviate the pain which arises from 
surgery, severe pain of a non-surgical character, and the milder types 
of pain; to aid in the digestion of food; to induce sleep; and to 
“straighten out warped personalities.” 

Diserens’ book, “The influence of music on behavior” (1926), con¬ 
tains a chapter (5, pp. 79—104) on the influence of music on the sick, 
in which the author surveys the literature from the Early Egyptians 
and Greeks to 1926, including also modern primitive groups. Opinions 
regarding music therapy as well as effects in specific cases are cited. 
Diserens describes many instances of melancholy, mania, convulsions, 
etc., which have been cured by different types of music. He points 
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out that specific types of music have been prescribed for particular 
mental disorders from the Greeks on. Numerous cases are reported 
from the writings of 19th and early 20th century physicians. The 
volume concludes with a questionnaire on music therapy submitted 
to nurses and patients in a hospital; the 15 returns all agreed that 
music was most beneficial in treating “nervous diseases.” The recent 
book by Diserens and Fine (1939) contains a chapter (6, pp. 145-177) 
on “Music and medicine,” in which musical therapy is discussed, with 
opinions of classical “authorities” as well as selected experimental 
results of recent date. The objections voiced by critics of musical 
therapeutics are cited. Another chapter (7, pp. 181-197) deals with 
“Music, melancholy and ecstasy,” containing a discussion of the 
melancholic and ecstatic effects of particular compositions, with 
further emphasis on therapeusis. 

In 1729, Richard Browne published his “Medicina musica, or a 
mechanical essay on the effects of singing, musick, and dancing on 
human bodies” (1729). Rush, in his “Medical inquiries and observa¬ 
tions upon the diseases of the mind” (1812), mentions music as a cura¬ 
tive agent in insanity. Laurent (1860), in an historically important 
paper, discusses the various ways in which music therapy can be 
employed among the insane, and summarizes the writings of others 
on the problem. Brierre de Boismont’s paper of the same year (1860) 
describes a visit to the Italian asylum of Aversa, where he witnessed 
creditable musical performances on piano and guitar by a mono¬ 
maniac and by an imbecile; he also reports his observations on 
musical performance and appreciation as effective therapeutic tech¬ 
niques at the Italian asylum of Senavra, in Milan, and at the French 
asylum of Quatre-Mares. Both of the latter had a patient orchestra 
and chorus. 

Berthier (1864) gives a theoretical discussion of “music and in¬ 
sanity.” He emphasizes the physical and emotional effects of music, 
and cites many instances from the literature on music therapy in 
physical and mental disorders, since ancient times. Berthier states 
that music cannot be indiscriminately prescribed, since its effects are 
not always favorable; different types are needed for manics, melan¬ 
cholics, or monomaniacs, although the last named do not usually 
benefit much. This form of therapy should be systematically de¬ 
veloped, he maintains, and suited to the individual. Chomet (1874) 
discusses the effects of music in physical and “nervous” illness, and 
considers the various rules to follow in its use in treatment. Candela 
Ardid (187-?) cites the views of early physicians, historians, etc., on 
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the healing powers of music, and discusses its effects on nervous 
disorders. 

Elson (1892) discusses the early history of music therapy, alludes 
to its use among primitive tribes, and reports that he himself has 
found it useful in certain physical and mental conditions. He con¬ 
cludes (p. 129), “music has proved of immense benefit to persons 
suffering from hypochondria or melancholia,” but adds that this 
effect is “counterbalanced by the fact that in some instances music 
has caused melancholy and madness in auditors.” Illustrative cases 
are cited. Hadden (1896) also sketches examples of music therapy 
from classical scholars, and concludes, “music is being more and more 
systematically employed in our lunatic asylums.” In his paper pre¬ 
sented at the December, 1899, meeting of the Birkenhead Medical 
Society in England, Dixon (1899) refers to musical therapeutics, 
briefly outlines its history from the time of Pythagoras, and mentions 
various affections in which such therapy has proved successful. He 
divides patients into two types, and considers the kind of music to be 
applied in each case. Davison (1899) likewise traces the early history 
of music in medicine. Pastnor (1899), maintaining that three-fourths 
of all patients are capable of being positively helped by music, argues 
for its incorporation into the pharmacopaeia of medicine for use in 
treating both physiological and mental disorders. 

Stratton (1901) gives a mentalistic interpretation of musical thera¬ 
peutics, ascribing such effects to a sympathetic harmony of the indi¬ 
vidual with the divine “keynote.” Wells (1907) reports that Mesmer 
used strains of soft music, among other things, in producing salutary 
therapeutic effects in his patients. An extensive treatment of the 
application of music in treating mental and nervous disorders is 
to be found in the book by Dupr4 and Nathan (1911). One chapter 
(9, pp. 177-181) is devoted to “Meloth6rapie,” and there is a bibli¬ 
ography on the medico-psychology of music. Rothery (1918) also 
considers the “therapeutic and preservative potentialities of music.” 
Wilson (1926) likewise suggests that the doctor of the future will 
make use of music among other agencies. 

Vinchon (1913b) gives an historical survey of music therapy in 
hospitals for the insane prior to 1913, and credits Laurent with 
originating such work. Demonchy (1912) discusses the influence of 
different types of music, especially on nervous and impressionable 
subjects. Paintings showing instances of musico-therapy are repro¬ 
duced. In his detailed treatment of music and insanity, Rentsch 
(1926—1927) includes a brief consideration of the influence of music 
on emotional states and of attempts at music therapy. 
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Germain (1928) discusses the physiological and psychological effects 
of music, emphasizing its therapeutic value and citing the results of 
Toulouse on psychopathic cases. Henssge (1927), after a brief re¬ 
view of the literature on the mental and physiological effects of music, 
reports qualitative observations on its effect in various syndromes. 
Thus in depression and psychogenic neurosis, music sometimes gave 
“relief”; manics usually showed increased excitement; catatonics often 
showed no change in behavior, although some became “happy” and 
“less inhibited.” Individual differences were observed, as in normal 
persons. Gutheil (1935) reports cases of psychoanalytic treatment 
of patients whose day-dreams contained fragments of melodies or 
song texts. He concludes (p. 431), “experience shows that from a 
psychoanalytic point of view it pays to investigate the contents, 
especially when the song shows a compulsion or dream character, and 
that through this research we can add considerably to our knowledge 
of the deeper lying psychical mechanisms.” Schauder (1939) dis¬ 
cusses the general therapeutic value of music in mental illness. 

An anonymous article (Anonymous 1930) reprinted from the Medi¬ 
cal Journal and Record contains an account of the use of music as 
a therapeutic device. It is reported that when phonographs are 
turned on in disturbed wards, patients gradually quiet down and begin 
to make rhythmic movements. Radios and phonographs, when avail¬ 
able, are said to be used almost continuously by patients. Although 
in quiet wards classical music is more frequently requested, in dis¬ 
turbed wards noisy jazz is said to be required in order to affect the 
patients. A few patients, however, may be disturbed by the constant 
sound of the radio or by associations called up by the music. Radio 
headphones may be used in the case of restless, sleepless patients 
at night. At the Dunning State Hospital in Illinois, Herschfeld (c/. 
Diserens and Fine 1939: 154) noted the reactions of 2000 mental 
patients to various classical selections during a piano recital. The con¬ 
cert was part of an experiment to discover the possibilities of music as 
an aid in the treatment of insanity. Herschfeld is reported to have 
concluded that “we are on the verge of notable discoveries in musical 
therapeutics.” 

Maintaining that participation in various activities will keep the 
patient’s attention away from his troubles, Meese (1930) considers the 
distracting and dynamogenic effect of music. Animating music is 
sometimes favorable for apathetic patients. Listening to music is 
likewise an exercise in concentration, and sometimes arouses a favor¬ 
able mood on the part of patients who are otherwise unfriendly * »d 
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sullen. A dementia praecox patient who spent all day talking about 
her teeth now listens to music for hours without mentioning teeth. 
Meese holds that patients do not prefer jazz. Active forms of partici¬ 
pation, such as singing or playing an instrument, are better than 
passive listening. Kalms (1931) reports additional information on 
music in mental hospitals. He discusses .various musical therapeutic 
and rehabilitative techniques, such as community songs in wards, 
chorus rehearsals, individual vocal instruction, and musical entertain¬ 
ments, as well as sight-reading classes, choirs, and classes in folk¬ 
dancing, music appreciation, and current events in music. Such pro¬ 
cedures help to take the patient out of his isolated “dream world,” fur¬ 
nish an “emotional outlet,” and enable him to concentrate on team 
work with associates and to develop self-confidence and regain self- 
control. Older patients are said to prefer hymns and songs which recall 
the happy past. Men of all ages prefer hymns more than do women. 
Unfamiliar songs are more effective in the case of younger patients. 
From studies of auxiliary school children and adolescent psycho¬ 
pathies in Germany, Birber (1931) concludes that such subjects, in 
common with primitive peoples, prefer very high or low ranges of 
pitch, shrill dissonances or “dull gloomy combinations.” Birber also 
maintains that music exerts a direct influence on the emotions and 
drives. 

A number of other writers have discussed the therapeutic effects of 
music in hospitals. Harting (1919) emphasizes its reconstructive 
value in the case of American soldiers following the World War. 
Katzoff (1921) discusses music in sanitariums and hospitals, and ad¬ 
vocates “medicine through the ears” as an aid to physical and mental 
health. Harrington (1939) finds that unison group singing is more 
effective than technical instruction of heterogeneous patients, and 
that subdued instrumental music, without marked rhythm, produces 
quiet and repose when played during meals. Harrington also con¬ 
cludes that special training of a group of singing patients helps their 
powers of concentration. Pierce (1934a) reports that music was found 
to be a useful therapeutic measure for psychotic patients at a Veter¬ 
an’s Ad minis tration Hospital, both when the patients were actively en¬ 
gaged in performance and when they were listeners. Pierce else¬ 
where (1934b) elaborates upon the active and passive uses of music 
therapy. He points out that in organizing an orchestra of patients 
there should be no severe discipline for mistakes in playing; there 
should be some easy numbers at every rehearsal or concert to avoid 
strain; practice with an instructor is better than individual inBtru- 
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mental practice; and public performances outside enhance the feeling 
of accomplishment. Richter (1934) reports 3 cases showing the bene¬ 
ficial effect on psychotic patients of participation in the hospital band. 
In connection with a music adaptability test, Wilder and Stowell 
(1935) report successful and beneficial band instruction in the case 
of mentally deficient children. 

Van de Wall (1924) considers the utilization of music in prisons 
and mental hospitals, and reports selected cases illustrating beneficial 
effects in manic-depressive psychosis, paranoia, epilepsy, etc. In a 
later article, Van de Wall (1932) maintains that music is a socially 
educative force in training the mentally deficient. Like Kalms and 
others, he emphasizes its role in promoting organized group life. 
Since its action and effects are not the same in all cases, individual 
examinations must be made in each instance. Reports are presented 
which show the responses of the different grades of the feeble-minded 
to various types of music. An institutional program is also outlined. 
Van de Wall and Bond (1934) report the case of a 29-year-old psycho¬ 
neurotic woman who had suffered from severe pains in the face, neck, 
throat, abdomen, and legs for many years, without physical cause. 
In spite of considerable musical training, she was still an “amateur,” 
with bad technical habits, naive aesthetic preferences, and uncon¬ 
trolled though intense emotional response to music. Therapy con¬ 
sisted in an attempt to direct her emotional interest in music and to 
bring it under control. The patient was placed in a congenial home 
with two working women in a metropolitan community with a many- 
sided music and theatre life, and was given periodic vocal instruction. 
Muscular relaxation was noted, with the eventual disappearance of 
all pains. Additional study of poetry as a basis for song interpreta¬ 
tion led to a critical and more intelligent attitude toward emotional 
expression. 

Altschuler (1939) describes the routine musical stimulation em¬ 
ployed at the Eloise Hospital in Michigan. Patients are exposed to 
the following types of music: isomoodic (music whose mood is thought 
to be similar to that of the patient), isotempic (music equated with 
the patient’s “mental tempo”), and isovolumic (music whose general 
volume corresponds to the degree of emotional tension or outburst 
characteristically shown by the patient). In a later article, Altschuler 
(1940) describes a year’s experience with group psychotherapy at 
the same hospital, in which rhythmic drills and listening to music 
played an important part. Case histories are given to illustrate the 
positive results achieved. 
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Several investigators have recently reported data on the effect of 
music upon epilepsy and related disorders. Alvarez (1937) studied 
epileptics and normal subjects with reference to the influence of slow 
and fast music upon frequency, amplitude, rhythm, and form of 
respiration as measured by a pneumograph. The 29 subjects ranged in 
age from 10 to 42. It was concluded that the reactions of the epileptic 
subjects to music were different from those of the normal subjects. 
Critchley, in his paper on “Musicogenic epilepsy” (1937), describes 
11 cases (ami reports 8 additional case studies from the literature) of 
epileptics whose seizures were regularly initiated by listening to music. 
The age of the first appearance of the attack in these patients was 
relatively high; the male-female ratio was 10 : 7; and the patients 
showed a wide range of musical training and appreciation. Although 
the cases are too rare to permit conclusions regarding clinical features, 
Critchley tentatively concludes: (1) the association between music 
and seizure is very close, the seizure only rarely occurring without 
music, although the latter may be heard without the attack; and (2) 
in some cases, only certain types of music are followed by attack, 
whereas in others it may be very general. Critchley discusses the 
possibility of a conditioned response explanation, which seems es¬ 
pecially plausible in those cases in which only a specific tune evokes 
the attack. Various other explanations, in terms of direct physiologi¬ 
cal effects of music, are suggested for the more general cases as well 
as those in which the attack does not always follow music. 

The Psychological Approach 

The psychological approach to insane art is concerned neither with 
aesthetic values nor with diagnostic and therapeutic techniques, but 
rather regards the products as records of artistic behavior. This ap¬ 
proach may be characterized by its predominant emphasis upon the 
perceptual, imaginative, and other intellectual as well as emotional 
functions leading to the production of such art. The abnormality 
is studied primarily for the light which it may throw upon the basic 
mechanisms of behavior. The distortions, disruptions, exaggerations, 
and retrogressions revealed in the insane products are examined for 
clues to the nature and development of the functions involved. In¬ 
terest is thus centered upon an analysis of the behavior itself, in the 
hope that such a study, carried out on highly selected (abnormal) 
as well as control (normal) populations, may throw light on the 
mech ani s ms involved in imaginative and other forms of creative 
behavior. 
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The investigations which could be classified as primarily psycho¬ 
logical in their point of view or in the type of data which they 
furnished have been summarized in some detail in two special articles 
by the writers, dealing with observational studies of spontaneous 
productions (Anastasi and Foley 1940b) and with experimental in¬ 
vestigations (Anastasi and Foley 1941b), respectively. A descrip¬ 
tion of such studies in the present article would therefore be repetitious. 
Certain more or less distinct types of investigations can, however, 
be recognized within the psychological approach, and these will be 
discussed briefly, with illustrative citation of references. 

One group of writers has been primarily interested in the psy¬ 
chology of art. Chief among such writers may be mentioned Prinz- 
hom (1923a), whose extensive collection of spontaneous drawings 
assembled at Heidelberg was analyzed by him from the point of view 
of creative activity. Karpov (1926) in Russia was interested in the 
relationship of psychosis to artistic talent and pointed to certain 
parallelisms between the manic state and artistic inspiration. The 
writings of Rdja (1907), Vinchon (1924), and Marie (1929) in France 
were also colored largely by their interest in an understanding of 
artistic production. Marie (1929 : 394), for example, states that "the 
study of the manifestations of insanity in letters and art clarifies 
normal art as well as normal general psychology, of which disease is 
only the psychological dissection.” The data on this phase of the 
problem have been obtained largely through surveys or intensive 
case studies of patients who drew spontaneously. 

An interest in the better understanding of the mechanism of per¬ 
ception, association, and thought processes motivated a group of studies 
whose methodology was more nearly experimental. This work was 
initiated by Mohr (1906-1907) whose techniques were followed more 
or less closely by Kurbitz (1912), Sapas (1918), Becker (1934), Pfister 
(1934), and others. More recently a number of studies on drawing 
as an index of perceptual disorders have been conducted from the 
Gestalt point of view. Typical of such studies is the work of Bender 
(1938) and Schilder (Orenstein and Schilder 1938). 

Mention should also be made of the use of drawing scales in testing 
the development and “deterioration” of intelligence. The best known 
of such scales is the Goodenough test of drawing a man (Goodenough 
1926), although similar techniques have been developed by Burt 
(1921) and Earl (1933) in England, Wintsch (1935) in France, and 
others. A similar scale based upon children’s drawings of a house 
was developed by Kerr (1937) in England. Drawings are of course 
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included in certain standardized test series and intelligence scales, 
such as the Stanford-Binet, and typical disturbances observed in the 
responses of psychotic and feeble-minded subjects have been reported 
(c/., e. g., Goodenough 1926, Berrien 1935, Hinnchs 1935). 

The use of automatograph techniques and the observation of auto¬ 
matic drawings , as in the work of Miihl (1930), and “doodling,” as 
in the recent investigation by Maclay, Guttman, and Mayer-Gross 
(1938), among normal as well as abnormal subjects may also be in¬ 
cluded within the psychological approach. The relationships among 
such motor automatisms in distracted normal persons, the productions 
by schizophrenic patients, drawings executed under the influence of 
drugs and other physiological agents such as insulin, and those made 
in various “trance” states, open up an interesting field of psychological 
research. 


INTERRELATIONSHIPS 

Relation to Primitive, Child, “Populistic,” and Modem 
and Fantastic Art 

A number of writers have pointed out the resemblances between 
the artistic products of the abnormal and those of primitive, child, 
“populistic,”* and modem and fantastic art, as well as particular 
cultural groups. In fact many of the references previously discussed, 
especially in the section on the artistic approach, are at least in¬ 
directly relevant to the present problem. The reader should also 
refer to the following section on genius and insanity for additional 
material on the relation between productions of the insane and those 
of modem and other schools of art. IVe are not here concerned with 
whether the insane can or cannot produce “art,” but rather with those 
studies in which conclusions are drawn in respect to the relationship 
between the art of the abnormal and that of the other groups men¬ 
tioned above. TVe shall first consider typical studies in which several 
of these resemblances have been pointed out by the same writer. 

Lombroso (1887,1895b) was among the first to emphasize the rela¬ 
tionship between insane and primitive art; under the latter category 
he also included Chinese, Japanese, Indian, and Egyptian art. In 
his discussion of symbolism in insane art, Lombroso describes (1895b: 
187) “the mingling of inscriptions and drawings, and, in the latter, 

*A term used by the writers in a previous article (Anastas! and Foley 1840 a) to characterize the 
art products of artistically untrained individuals whose primary vocation is in some field other 
than art; such individuals have been variously termed “modem primitives,” “naive paint ers,” 
“Sunday painters,” and moitres popvlaxres de la r&aiitL 
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the abundance of symbols and hieroglyphics. All this closely recalls 
Japanese and Indian pictures, and the ancient wall-paintings of Egypt, 
and is due in part to the same cause at work in these—-the need in part 
of helping out speech or picture, each powerless by itself to express 
a given idea with the requisite energy.” Examples are cited, show¬ 
ing mixture of letters, hieroglyphics, and figurative signs. These 
“rebus-like” symbols are said to be similar to the “phonetico-ideo- 
graphic” stage through which primitive peoples passed. 

Lombroso also emphasizes the atavistic characteristic of such 
products, maintaining (1895b: 191) that “in the visible manifestations 
of their thoughts, the insane frequently revert (as also do criminals) 
to the prehistoric stage of civilization.” He elsewhere states (1895b: 
199-200), “Both minuteness and symbolism are themselves atavistic 
phenomena; but, in addition to them, there may be noted (in a large 
number of cases) a total absence of perspective, while the rest of the 
execution shows clearly that the author is not wanting in artistic 
sense.” Numerous examples of insane art products are cited, such 
as works showing disproportionate hands and feet—similar to 13th 
Century work, Neolithic-like carved bas-reliefs on pipes and vases, 
etc. The following quotation (1895b: 208) indicates Lombroso’s 
interest in the artistic implications of insane productions: 

“Perhaps the study of these peculiarities of art in the insane, besides showing 
us a new phase in this mysterious disease, might be useful in aesthetics, or at 
any rate in art-criticism, by showing that an exaggerated predilection for symbols, 
and for minuteness of detail (however accurate), the complication of inscrip¬ 
tions, the excessive prominence given to any one color (it is well known that 
some of our foremost painters are great sinners in this respect), the choice of 
licentious subjects, and even an exaggerated degree of originality, are points 
which belong to the pathology of art.” 

Sollier (1891) described the slow, imitative, and unimaginative 
drawings of idiots, and pointed out their similarity in lack of per¬ 
spective to children's and some oriental art. 

Kieman (1892b) also emphasizes the similarity between insane 
products and those of primitives, children, and certain cultures. In 
a discussion of symbolism, picture writing, and the fetishistic canons 
of art, he states (1892b: 245-246), “Commingling of symbols, hence, 
soon becomes a canon of art, whence it is that Egyptian, Mexican, 
Phoenician, Chinese, Chaldean, and other early types of art are char¬ 
acterized by the mingling of inscriptions and drawings, and the ap¬ 
pearance in the latter of an abundance of symbols and hieroglyphs. 
There is much evident imitation, undue minuteness and repetition. 
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These qualities are all detectable in the art of the insane.” Kieman 
cites examples of imitation in certain insane and imbecile patients 
who copy the facade of the mental hospital with great skill or de¬ 
lineate the heads of animals with the minute accuracy of primitive 
Trmn The insane tendency to ornaments of geometric forms and 
arabesques, found especially in English-speaking paranoiacs, recalls 
the arabesques known as “sharks teeth Decorations” in early Anglo- 
Saxon art. Kiernan agrees with Lombroso that insane art often 
exhibits, like the Chinese, a tendency to exaggeration of particular 
details; thus each blade of grass may be distinguished, or the brush 
strokes may produce the effects of pencil-shading. This character¬ 
istic, among others, has recently been noted by Anastasi and Foley 
(1940a) in the products of “populistic” painters. Kieman also agrees 
with Lombroso in concluding that symbolism, arabesque tendencies, 
minuteness, absence of perspective, obscenity, and color sense de¬ 
ficiency in insane art are evidences of “reversion to primitive art.” 
Symbolism, which is said to be more prominent in the art of the 
insane than in ancient art, is said to be one of the chief characteristics 
of the work of children and savages. 

R£ja (1901) repeatedly points out the resemblance of insane art 
to that of primitives, children, and prisoners, although certain dif¬ 
ferences in each case are also indicated. He elsewhere (Rija 1907) 
contends that in order to understand a complex phenomenon such as 
art, one should study it in its simple forms. The best approach, 
therefore, would suggest the study and intercomparison of the work 
of children, savages, prisoners, and the insane, as well as mediums. 
Mohr (1906-1907) alludes to the resemblance of insane drawings to 
those of children, although he points out that many normal adults 
also draw like children. In a later article, Mohr (1908-1909) suggests 
that the art of primitives be studied and compared with drawings 
by mental patients. He also reports psychiatric symptoms in modem 
art, and mentions a well-known modem artist whose sexual perversion 
was indicated in his symbolic drawings representing female genitalia 
in an anatomically impossible and aesthetically repulsive maimer. 
Morgenthaler (1921) describes the case of a 25-year-old schizophrenic 
whose drawings showed perseveration, automatisms, and other man¬ 
nerisms characteristic of the ideoplastic nature of primitive art. Cer¬ 
tain features of his work were also similar to modem cub ism. 

Fay (1912) points out that some patients, especially the dementia 
praecox, spontaneously create colored pictures closely resembling 
cubism, or reminiscent of certain works of Ensor, Van Gogh, Van 
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Dongen, Redon, or Rousseau. He adds that the works of some 
patients, who draw without instruction in drawing, resemble the 
products of children, with all sorts of crudities and errors. Some of the 
dementia praecox drawings show serious qualities mixed with gross 
errors. Fay emphasizes the fact that such patients are deficient in 
auto-criticism, and draw what they would like to observe rather than 
what they actually see. Ten illustrations are reproduced, 6 of the 
works being from the author’s collection. 

Kiirbitz (1912) draws a parallel with children and primitives, citing 
intellectual realism (“transparent drawings” and confusion of profile 
and full-face) as examples of basic similarities. He concludes that 
ideoplastic rather than physioplastic representation is characteristic 
of insane, children’s, and primitive art. Perez (1917) also discusses 
the basic similarities in the art products of these three groups, and 
emphasizes poor and distorted perspective as well as deficient artistic 
imagination leading to incongruous fantasy or poverty of representa¬ 
tion. Hamilton (1918) refers to the same three-way similarity, and 
states that such products are symbolical rather than realistic. All 
such art indicates “lowly organized concepts, or those that are the 
result of a disease” (Hamilton 1918 : 485). Hamilton also discusses 
various forms of impressionism, and divides all cubists and futurists 
into three classes: the ignorant, the dishonest, and the insane. 

Schilder (1918) likewise emphasizes the resemblances of insane, 
children’s, and primitive art, and points out the “symbolic tendency” 
in such products. In his “Psychopathology,” Kempf (1920) repro¬ 
duces many types of art products, ranging from Classical Greek 
sculpture to the work of Rodin. There are examples of primitive art, 
religious paintings, landscapes, mythological subjects, as well as repre¬ 
sentations of the human figure by various schools of art. Kempf 
interprets the products psychoanalytically, and holds that “uncon¬ 
scious” trends are represented in the paintings of the great masters 
as well as those of the insane. A popular account (Anonymous 1921a) 
of an exhibit of insane art held in 1921 at Frankfurt, under the 
auspices of the Psychiatric Department of Heidelberg University, 
classifies the products into several groups: (a) those resembling the 
“expressionist” school, (6) those indistinguishable from the works of 
children, and (c) others resembling the work of ancient and extinct 
civilizations, such as Yucatan, Mexico, Egypt, and Babylon. The 
writer attributes the similarity between insane art and modem art 
to the fact that we are living in a mad world “in which forms of grief, 
impressions of anguish, memories of disillusion, struggle for ex¬ 
pression.” 
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In Part 2 of the Introduction to his book, Prinzhorn (1923a) 
raises the question regarding the distinction, if any, between the 
products of the insane and those of children and primitive people. 
He elsewhere (Prinzhorn 1919) broaches the same problem, refers 
to a possible parallelism between drawings by idiots and children, 
and concludes that the common principles underlying the art of 
children, primitives, and the insane should be deduced. On the 
jmsis of such principles a simple terminology can be then secured, 
as well as an adequate description and explanation of the phenomena. 
In a later article, Prinzhorn (1922) emphasizes avoidance of simple 
objects, presence of symbolism, abstract rather than realistic nature, 
schism of content and formal tendencies, poor integration, autism or 
lack of ulterior purpose, and ambivalent attitude as the major charac¬ 
teristics of insane art. The ambivalent attitude, characteristic of 
schizophrenics, he maintains, is not present in primitives and children. 

Vinchon (1924) refers to exceptional works which are often pro¬ 
duced by the simple-minded. Such works are similar to primitive 
and to folk art, are the result of very unusual circumstances, and 
are quite rare. Pfister (1923) mentions the resemblance to primitive 
art of a drawing called “Representation of a suffering soul,” made by 
a male paranoiac. He maintains that regression to a primitive level 
is characteristic of much insane art as well as of expressionist art in 
general. Expressionism is said to have arisen as a revolt against the 
materialism of our society and the current suppression of the “spirit.” 
Pfister objects both to the materialistic, superficial “realism” of the 
impressionists and to the “autism” of most modem art; it is only 
expressionism which can reveal “reality-ideals” and “universal 
spiritual truths.” Jung (c/. Wilhelm and Jung 1929) points out that 
the mandala design found among drawings by the insane and psycho¬ 
analytic patients is characteristic not only of Eastern art but also of 
Christianity in the early Middle Ages, as well as such widely differing 
groups as the Egyptians, Pythagoreans, Indians, Buddhists, and 
Pueblo Indians. 

Rodriguez Lafora (1922) reproduces 37 illustrations of expres¬ 
sionist and cubist pictures and drawings by primitive man, children, 
and the insane. Many of the insane drawings are cubist abstractions 
in lines, planes, and streaks of color. Chapter 4 of his later book 
(1927) is devoted to a psychological study of cubism and expres¬ 
sionism. The chief characteristics of these art forms are said to be: 
(a) autistic tendency to subjective and independent elaboration; (6) 
employment of antithetical forms, such as contrasting colors, direct 
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and inverted objects, words followed by their antonyms; (c) sym¬ 
bolism and obscure insinuations; and (d) tendency to stylization. 
He concludes that all of the above characteristics of modern art are 
to be found in schizothymic and dementia-praecox patients, the simi¬ 
larity being found in writing as well as drawing. Resemblances are 
also noted to children’s art and to certain types of primitive art. In 
comparisons with the latter group, Rodriguez Lafora points out that 
one must discount the skilled drawings of paleolithic man which were 
affected by two qualities essential to a hunting people, viz., acute 
visual observation and retentivity, and manual dexterity, which are 
not characteristic of drawings by neolithic man in the bronze and 
iron ages. 

In her review of studies in the psychology of children’s draw¬ 
ings, Goodenough (1928) cites many authors who have argued for and 
against the relationship between children’s products and those of the 
insane and primitive man. Marie (1929) holds that when an artist is 
deranged, his attention usually turns towards characteristics of primi¬ 
tive art, such as alterations of perspective, the two eyes seen in a 
profile, a multiplication of feet to indicate running, etc. The non- 
artistic insane frequently draw pictures similar to children’s drawings 
and to graffiti. Marie adds that similar tendencies are seen in modem 
art and in certain older artists such as El Greco and Gauguin. Marie 
(1931) reports Osario as concluding that many of the insane works 
in his collection at Iucquiry, Brazil, showed primitive and child char¬ 
acteristics. The drawings made by Nijinsky following the onset of 
his psychosis, making use of interlocking curves to form highly stylized 
portrayals, have frequently been compared to primitive (e. g., African) 
art and to certain schools of modem art. A brief discussion of 
Nijinsky’s works, together with bibliographic citations, will be found 
in the previous section on The Artistic Approach. 

After pointing out that the relation between disease and art was 
early recognized by Lombroso, Colucci (1931) concludes that many 
manifestations of modem art, especially the futuristic, show the dar¬ 
ing, disorder, and peculiarity of the neuropathic, and can therefore 
be considered from the neurological viewpoint. The fantasy of the 
true artist, if it ranges to the neuropathic, may also reach the limit 
of abstraction; musicians are considered to take first place here, with 
painters and poets next in order. Modem art, especially the cartoon, 
is said to have nothing in common with the work of the insane, but 
rather with that of primitive peoples and children. The latter has 
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something natural or original about it, Colucci maintains, whereas 
modem art appears artificial and incomplete, showing the poverty 
of its manifestations. As a result of his experiment in which schizo¬ 
phrenics were asked to reproduce an object and to copy a visual 
pattern, Sato (1933) concludes that primitive drawings, such as are 
made by children, were found to be common among the schizophrenics, 
although some on the contrary drew in a normal fashion. A few of 
the normal control subjects, especially men and women servants and 
some male attendants, drew as primitively as the schizophrenics. The 
primitive maimer of drawing, however, could not be traced to the 
education of the subjects, since 3 highly educated schizophrenics 
produced completely primitive drawings. Sato feels justified in 
concluding that primitive drawing is, on the whole, evoked by 
schizophrenia. 

In his discussion of semantic difficulties, Korzybski (1933: 514) 
calls attention to the close parallels between the drawing and other 
behavior of the insane and that of primitives and children, and repro¬ 
duces (p. 515) a drawing by a catatonic patient, taken from Bleuler’s 
“Textbook of psychiatry.” Kretschmer (1934) points out the close 
parallelism among schizophrenic thought or drawing and that of 
primitives and expressionism. In respect to the former comparison, 
he states (1934: 101), “There are no important imaginal or affective 
mechanisms of the kind found amongst primitive peoples which can¬ 
not be found extensively in schizophrenics.” Among the characteris¬ 
tics mentioned are portrayal of inner feelings rather than external 
reality, condensation, symbolism, and the tendency to approximate 
outlines of real objects to geometrical figures and to split up objects 
into such figures. Ferenczy (1935), after discussing the various at¬ 
tributes of needlework and embroidery among the insane, points out 
that schizophrenic productions are not only comparable to child and 
primitive art, but also to folk art. The similarity to folk art is only 
superficial, however; the two are parallel, with no transition from one 
to the other. Burger-Prinz (1932), however, states that schizophrenic 
drawings differ from those of primitives in that the basic attitude of 
the former is unique, making empathy and intelligibility impossible. 
Schizophrenic drawings are also differentiated from those of children 
and those made during hypnosis. Davidson (1936) also points out 
the danger of generalizing from superficial resemblances between in¬ 
sane art, child art, 15th Century art, and surrealism. 

Maclay, Guttman, and Mayer-Gross (1938) repeatedly point out 
similarities between doodling and the drawing of children, primitives, 
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and schizophrenics. Morgenstem (1939) emphasizes the resemblance 
between the thought and drawings of children and those of primitives, 
schizophrenics, and neurotics. Contradictory items are placed side 
by side, and the child’s anxiety is said to find a fanciful outlet which 
is incomprehensible to the uninitiated; he is guided by his affective 
impulses and by his faith in the omnipotence of his thoughts. Several 
of the speakers at the three conferences on “Art and psychopath¬ 
ology,” held in 1938 at the Harlem Community Art Center, New 
York City, under the joint supervision of the Psychiatric Division of 
Bellevue Hospital and the Federal Art Project, W. P. A., referred to 
resemblances between insane art and that of primitives, children, and 
modem as well as other artists (cf. Anonymous 1938a, b, c, d, e). In 
his discussion of the Bellevue art work, Garfinkle (1939) describes 
what he considers to be the type of product characteristic of different 
syndromes. The schizophrenic patient is said to “paint in symbols” 
and to “confine himself to a system of diagonals and bisections, tri¬ 
angles, cubes and circles, each having a definite place in the orbit of 
the patient’s delusional system and a special meaning for him." The 
epileptic “draws like a child in that he draws a tremendous head and 
an amorphous inadequate body and sometimes fills in the head with 
many lines that seem to indicate an effort to draw the brain.” 

Stavenitz (1939), in discussing the implications of the study of 
insane products for the art critic, states that it is important to under¬ 
stand what the artist is trying to do and why he is doing it. He 
continues (p. 37): 

“The work of artists such as Picasso, Klee or Kandinsky has very often been 
confused with or compared to the art of psychoties or children. It is extremely 
important to recognize the fundamental differences in such cases despite super¬ 
ficial similarities. ... In order to fully understand any work of art, whether it 
be the unconscious scribbling of a psychotic or the masterpiece of a great artist, 
it is necessary to know the individual and social history under which the work 
was produced. . . . Klee’s compositions are of a character seldom if ever en¬ 
countered in the art of the psychotic, as is also his highly developed wit and 
subtle sense of humor.” 

Stavenitz states, however, “Klee has consciously derived his forms 
and idiom from primitive sources and the art of children.” Mosse 
(1940: 66), in s ummar izing the results of other investigators, draws 
the following conclusion, “There is a striking similarity between the 
paintings of psychotics and the drawings of children and primitives.” 
MosBe interprets this similarity as indicating that such products “have 
to be looked upon as regressions to earlier stages of mental develop- 
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ment.” Werner (1940) maintains the fundamental similarity of 
psychotic, primitive, and child imagery as manifested in its “syncretic 
and diffuse organization.” Drawings by the insane, from the collec¬ 
tions of Prinzhorn and Kretschmer, are reproduced and discussed 
as illustrations of psychotic imagery (pp. 152-165). 

A few writers have confined themselves to the resemblance of ab¬ 
normal products to primitive art. Thus Kerchensteiner (1905) em¬ 
phasizes the primitive characteristics of the drawings of the feeble¬ 
minded, as well as their lack of coherence. Marro (1915) is of the 
opinion that animism is the fundamental factor in both primitive and 
paranoiac art. In the paranoiac, he continues, we find a pathological 
reversion to this primitive level, with deterioration of critical abilities 
coincident with exaggeration of affective characteristics. The ego¬ 
centrism of the paranoiac is said to correspond to the anthropocentrism 
of primitives: both lead to animism. Marro concludes that the 
grotesque character of much primitive and paranoiac art may be due 
to: humoristic tendency, tendency to stylization, pathological inspira¬ 
tion, concept of essential character, and visual or motor deficiency. 

In his “Psychology of primitive art” (1907, 1917), Verwom con¬ 
trasts the early “physioplastic” (realistic) character of prehistoric 
art, based upon sense perception, to its later “ideoplastic” character, 
the result of abstracting and theorizing. Although insane art is not 
discussed, children’s art is said to be ideoplastic, since their perception 
lags behind their imaginativeness, as is most of the contemporary art 
of primitive peoples. Evarts (1918: 365) states that the needlework 
of the insane is “very primitive, bearing a strange resemblance to the 
early productions of the race.” Delgado (1922) sees in psychopathic 
drawings and in some doodles an expression of an atavistic and archaic 
state of mind “loosened” by disease. He states that such products 
show similarities to hieroglyphics and to the drawings of cave m en . 
Pfister, however, in his abstract of Delgado’s article (c/. Delgado 
1922), feels that the justification for this conclusion is questionable. 
Szecsi (1935) calls attention to the fundamental similar ity between 
insane and primitive art, and emphasizes the unconscious and intense 
emotional urge for artistic creation among the insane. Gutierrez- 
Noriega (1940) likewise points out the similarity between the draw¬ 
ings of a schizophrenic and those of primitive people. 

Lewis (1925) also indicates the resemblance of insane to primitive 
drawings. He elsewhere (Lewis 1928) compares the artistic attempts 
of schizophrenics and primitives, contending that the derived content 
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of schizophrenic drawings, which is said to be a constant feature, is 
rich in “ancient symbols,” and hence offers unlimited opportunities for 
studies on the “collective unconscious,” Freud’s “Totem and taboo” 
(1927), as indicated by its sub-title, is concerned with the “resem¬ 
blances between the psychic lives of savages and neurotics.” He 
writes (1927: 158), “Only in one field has the omnipotence of thought 
been retained in our civilization. In art alone it still happens that 
man, consumed by his wishes, produces something similar to the grati¬ 
fication of these wishes, and this playing, thanks to artistic illusion, 
calls forth effects as if it were something real. We rightly speak of 
the magic of art and compare the artist to the magician.” The fol¬ 
lowing quotation from Lips (1937: 39-40) illustrates a different answer 
to the present problem: 

“Prinzliom’s attempt to find a parallel between the creative work of the 
insane and the art of primitive tribes may likewise be considered an interesting 
experiment, but we need not discuss the seriousness of such a comparison. There 
has never been the slightest ground for it, unless we again adopt the intellectual 
standpoint of the 16 th century, or that of the art experts under the Hitler r eg ime. 
I have examined a large number of drawings and models by mentally diseased 
patients in mental institutions of widely differing types, and only once have I 
met with any similarity, and then not in the representation, but in the thought 
of a mental patient as compared with the illogical thinking of primitive tribes, 
when a professional seamstress, who was a mental patient, made a doll’s frock 
and provided it with a single sleeve, which she sewed on to the frock in front 
at the breast level. Even if many other details of style and form are reminiscent 
of primitive art, the creative work of the insane is s till the work of diseased 
persons. But primitive art is the fashioning of a healthy mind. If any com¬ 
parison at all must be made, it can only be made between the work of the 
mentally diseased in white and colored nations respectively.” 

Several writers have dealt only with the resemblance of insane to 
children’s art. The features of insane art described by Kiernan in 
1892 (c/. above) were given by Passy (1891) the previous year as 
characteristic of the uninfluenced art of school-children. Passy ob¬ 
served a large number of children 3 to 13 years of age who were asked 
to copy simple objects. Schulze (1912) briefly mentions the relation¬ 
ship of insane to child art, drawing heavily upon the work of Mohr. 
Bonvicini (1929) discusses the similarity between the spontaneous 
drawings by aphasic patients with parieto-occipital lesions and chil¬ 
dren’s drawings, and emphasizes the defective and primitive character 
of each. 

White (1930) compares both the language and drawings of psy- 
chotics to those of children, pointing out that the drawings of schizo- 
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phrenics are lacking in synthesis, much like the drawings of the devel¬ 
oping child. In a co mm ent on White’s paper, Brill (c/. White 1930: 
716) emphasizes the same similarity, and reports that patients have 
frequently told him that at certain times they feel a compulsion to 
poetize in an infantile manner. Especially schizoid-manic types of 
psychotics resort to these expressions which can usually be traced 
to some infantile playing with words or to some expressions which 
appeal to them on account of sound or affective associations. Folly 
(1933) holds that children’s thought, like primitive thought, is pre¬ 
eminently autistic, egocentric, schizoid, and symbolical, rather than 
logical and realistic. In the poet, the imaginativeness of the child 
persists. 

Kleist (1922-1934) reports that the drawings by cases of “con¬ 
structive apraxia” show characteristics similar to those found in 
children’s drawings. The elements of a composition may be correctly 
drawn, but incorrectly arranged in relation to each other, as illus¬ 
trated by drawing the eyes below the mouth or the hair in the wrong 
place. Engerth (1933) reports 3 cases of finger-agnosia, 2 of which 
also showed autotopagnosia, in all of which there were marked dis¬ 
orders of drawing, especially drawings of the face and hands, such that 
they were markedly similar to children’s drawings. Engerth adds 
that such patients, like children, rely to a great extent upon kinaes- 
thetic and cutaneous sensations and upon symbolization, i. e., by 
resorting to schemes. Engerth and Urban (1933) describe the case 
of a 57-year-old plastic artist with sensory aphasia, autotopagnosia, 
and finger-agnosia. His sculpture and carving during recovery ex¬ 
hibited successive phases which in many ways paralleled the develop¬ 
ment of artistic behavior in the child. A generally similar result is 
reported by Gyarf&s (1939), who describes the regressive and infan¬ 
tile character of the drawings made by patients when awakening from 
insulin coma. In the early stages mere scribbling was produced, 
giving way to successive stages which paralleled in many ways the 
development of children’s drawing. 

As a result of extensive work with her visual motor Gestalt test, 
Bender (1938) reports that adult defectives and psychotics often show 
primitive sensorimotor drawing patterns characteristic of the various 
maturational levels of childhood. As an outgrowth of a study on the 
formation and use of symbols by normal and schizophrenic adults, 
Cameron (1938) discusses “asyndetic drawing,” which is defined 
(1938: 176) as a “deviation from the conventionally acceptable prod¬ 
uct in the direction of too little organization.” This asyndesis was 
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found to be characteristic both of the disorganization of thinkin g en¬ 
countered among adult schizophrenics and of the thought and drawing 
of normal children. Cameron states that Luquet refers to this lack 
of explicit linkage as “synthetic incapacity,” and regards it as the 
result of a fundamental deficiency in children’s conceptual organiza¬ 
tion. Schenk (1939) points out resemblances among the drawings 
by untrained and untalented adults, children, and aphasics and feeble¬ 
minded. He stresses particularly their schematic or ideoplastic form, 
which he regards as an avoidance of the intense attention required for 
the production of a more realistic or physioplastic representation. 

Lastly, there remains a large number of other writers who have been 
concerned primarily with the resemblance of insane to modem and 
other schools of art It will be recalled that many of the writers pre¬ 
viously discussed in the present section have pointed out such a 
resemblance, in addition to other similarities. In 1885, Morselli 
(1885-1894) listed “individualism” as well as “ideographism and 
symbolism” as the major characteristics of insane art, and in his 
discussion of individualism pointed out the similarity to what he then 
described as certain decadent schools of modem art. Although main¬ 
taining that insanity alone never results in a product of aesthetic 
value, Dantas (1900) points out that when there has been former 
training a product of artistic merit can be obtained, although the 
ability soon deteriorates. He cites the case of a paranoid patient who 
produced a gouache resembling traditional Greek sculpture. 

Marie and Pailhas (1912, 1913) describe 2 patients who drew ex¬ 
tensively. One, a former butcher diagnosed as paranoid with hal¬ 
lucinations and delusions of persecution, showed a “geometromania” 
in his extensive series of symbolical geometric drawings, accompanied 
by equally fantastic writings developing his psychological, social, and 
astrological theories. The other patient, a paranoid with ideas of 
grandeur, believed himself a great artist and the creator of “conism,” 
a new art contrasted to cubism. This “fetishism of geometry” was 
best illustrated in his landscapes, in which all forms were reduced to 
circles, cylinders, and truncated cones, with irradiating lines in blue, 
green, and red. Kiinzel (1920) reported the case of a well-known 
cubist painter who was exempted from military service because of 
mental abnormality but was finally drafted toward the end of the 
war. He does not actually claim that cubism is related to insanity, 
but points out that a representative of cubism whose work hangs in 
many galleries actually is insane. Since this is an isolated case, he 
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concludes, time alone will enable us to judge if cubism is a symptom 
of insanity. 

Several of the accounts of exhibits of insane art have referred to 
resemblances with various schools of modem art. A Current Opinion 
article (Anonymous 1913) reporting such an exhibit in London in 
1913 describes, among others, a cubist drawing composed of squares, 
as well as several drawings resembling impressionism. A popular ac¬ 
count (Anonymous 1921b) appeared in 1921 describing a meeting of 
a group of 6 psychiatrists with the Art Alliance of Philadelphia to 
discuss publicly the sanity of the exhibitors in the “extremist” section 
of the Pennsylvania Academy exhibition. All 6 psychiatrists seemed 
to concur in the opinion that the art works showed visual defects, a 
variety of mental disorders, and attempts to evoke unhealthy feelings 
in a diseased onlooker, and that some cases seemed to be merely an at¬ 
tempt to defraud. Psychiatric examination of 2 of the exhibitors, with¬ 
out the latter’s knowledge, led to the same conclusions. Reactions to 
an exhibit of paintings by psychotics in Paris in 1928 (Anonymous 
1928, 1929) indicated relationships to modem irrationalist schools as 
well as to earlier artists such as Goya and El Greco. The exhibit of 
“Fantastic Art, Dada, Surrealism” at the Museum of Modem Art 
in New York City in 1936 contained reproductions of works by the 
insane for comparative purposes. Attention has already been called 
to the 1938 Bellevue-Federal Art Project exhibit of psychopathic 
drawings and paintings, where similar correspondences were pointed 
out by the conference speakers as well as in the popular press. 

Weygandt (1921) draws a parallelism between expressionistic and 
insane art, and compares 2 modem pictures with 2 insane ones, point¬ 
ing out their similarities. He lists 13 modern artists who, though 
not necessarily insane, are described as producing work which “de¬ 
grades human dignity.” Weygandt elsewhere (1923) sketches, with 
illustrations, the portrayal of morbid characteristics in art from the 
cave paintings-to the present, drawing heavily upon material from 
various cultures. He discusses in greater detail impressionism, ex¬ 
pressionism, cubism, futurism, and extremism. In order to answer 
the question, “Is this art or insanity?” Weygandt turns to insane art, 
both to painters who have gone insane and to patients who began 
to draw after commitment. As a result of his analysis, he lists the 
following similarities between modem art and insanity: (1) lack of 
precision, (2) lack of neatness, (3) lightness, (4) bizarre and affected 
characteristics, (6) monotonous repetition, (6) incomprehensible sym¬ 
bols, understandable only to author, (7) use of extraneous materials, 
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(8) tendency to stylization, (9) attempt to obtain extraordinary 
effects by spots, (10) freedom in choice of colors. Weygandt regards 
modem art as resulting predominantly from “psychic degeneration,” 
and claims that recent circumstances have made us desire “escape 
from reality,” a “quest for novelty,” and “disparagement of tradition.” 

Byehowski (1922) discusses the autistic and regressive character 
of modem expressionism, cubism, dynamism, and dadaism. They are 
said to show “artificial regression to the primitives” in their abstract 
form. Byehowski emphasizes their resemblances to abnormal art in 
their remoteness from reality, cites scattered French quotations em¬ 
bodying the tenets of various modem art movements, and concludes 
that such movements are expressions of desperation and of disease. 
Pfeifer (1923) maintains that whatever seems artistic in insane draw¬ 
ing is the last remnant of sanity, and adds that the trait of expres¬ 
sionism which seems insane is consciously affected,—an expression 
of refusal which he terms characteristic of the pessimistic world-view 
of bolshevism. 

Janota (1924) states that the works of certain patients closely re¬ 
semble modem art. He adds that one must be careful in passing 
harsh criticism on such art tendencies as futurism, cubism, and dada¬ 
ism, however, since people today class every poor or good idea that 
is new with the mentally deficient and pronounce it insane. The 
similarities between insane and modem art are said to be due to the 
lack of expression of reality; the use of incomprehensible symbols; 
the artificial division of the subject into different parts; unlimited 
play—which appears in extreme form in dadaism; and the incoherence 
of forms presented. There are, however, substantial differences, chief 
among which is the fact that even the ultra-modernists, in all their 
confusing divisions, still retain certain academic principles, such as 
order of composition which, Janota claims, is lacking in the insane 
material studied by him. Another difference relates to the process 
of artistic creation, which is more or less “conscious” in the ultra¬ 
modern artist and “unconscious” in the insane. 

It will be recalled that Hyslop (1911, 1924, 1927) is vehemently 
opposed to the current tendency to elevate insane art, and warns against 
the “simulation of disease” by modem artists through imitation of 
visual defects or restriction of art to the grosser emotions. He (1924: 
147-148) states, “in art we find that excessive indulgence in the 
sensuously beautiful has exhausted the perception of beauty, and in 
order to arouse some degree of emotion resort is made to the use of 
abnormal or even painful stimuli. Such individuals become aesthetic 
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perverts or paraesthetes. The fault is to be found neither in Nature 
nor in Art; it is in the individual himself who needs rest in order 
that he may be able to regain the right use of his faculties of apprecia¬ 
tion.” Futurism in music, as in art, is interpreted as the result of 
exhaustion, which calls for excessive stimulation; the discordant music 
of Schonberg is discussed as an illustration. Ruckstull (1925) and 
others (e. g. Anonymous 1911) further elaborate Hyslop’s attack 
upon “post-illusionism and art in the insane.” Ruckstull emphasizes 
the similarity of modem and insane art, all of which he considers to 
be grotesque, devoid of artistic merit, degenerate, and distinctly patho¬ 
logical. The similarity of the two is taken as a sign of the decadence 
of modem art. The society for “Sanity in Art, Inc.,” founded in 
Chicago in 1936 (c/., e. g., Anonymous 1940b), has also emphasized the 
resemblances between insane and modem art. 

Prinzhom et at. (1925) maintain that psychiatry receives more 
from art than it contributes, and add that art products cannot be 
judged in terms of psychopathological criteria. Lehel (1926) dis¬ 
cusses the post-impressionist painters, seeing in their work similarity 
to primitive art and evidence of schizophrenia. Special attention is 
given to the works and insanity of “Les Chercheurs”—Van Gogh, 
Cezanne, and Gauguin. Lehel points out that until the 19th Century, 
the pathology of art was insignificant, but that insanity in art broke 
out in all its fury in the 20th Century. In spite of this, Lehel con¬ 
cludes with the statement that he enjoys and has the greatest ad¬ 
miration for this art. According to Stadelman (1927), insane art 
is not real art because it is the product of a dissociated mind and is 
itself somewhat dissociated. Its study, however, contributes to the 
“biology of art,” since it enables one to study parts before integration. 

Stertz (1927) maintains that schizophrenic drawings, full of man¬ 
nerisms and rigidity, sometimes bear a superficial resemblance to ex- 
pressionistic art. Two cases are discussed to illustrate this point. As 
previously indicated, Stertz agrees with Prinzhom that schizophrenia 
does not create artistic values, although he adds that latent talent 
may be released under such conditions. According to Delacroix (1927: 
164), the purpose of certain forms of art is the creation of “a more 
satisfying, illusory world to replace reality.” Some artists, he holds, 
are able to retain contact with the external world, whereas others be¬ 
come lost in narcissism and pure introversion. It is owing to the 
latter tendency that frequent comparisons are made between the 
thought of the artist and that of the mentally sick. Delacroix re¬ 
gards artistic expression as an expression of the “self” midway be- 
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tween normal thought and insanity, seeking to realize “individual 
sensibility” in a lyric theme. Such a comparison, however, does not 
imply that the artist is ill, although “certain aesthetic tendencies find 
in the schizophrenics an especially favorable soil for their develop¬ 
ment.” 

Discussing the “psychiatry of ultraism” (1932), Freedman also 
mentions the parallel frequently drawn between modem art and in¬ 
sanity. He points out, “the insanity of one age has often been proved 
to be the genius of its successor,” and cites impressionist painting, the 
music of Wagner, and fin-de-siecle literature as examples; thus it is 
important to consider the interrelationship of cultural and moral 
values. Freedman also states that pathological determination does 
not necessarily impair the value of a work of art, and that one must 
know what was intended by the artist before one analyzes his works. 
Voluntary symbolism in art is discussed, and references are made to 
the work of early masters, such as Hieronymus Bosch, as well as to 
futurism, cubism, and vorticism. Dadaism, or extreme subjectivism, 
is treated in detail, the factors leading to it are outlined, and it is 
distinguished from “pathological psychopathy” on the basis of its 
voluntary and occasional nature. 

Fernandes (1933) reproduces drawings by schizophrenics beside 
those of surrealistic artists, and concludes that both show signs of 
dissociation, ambivalence, infantilism, loss of contact with reality, and 
sexual unrest. Mandolini (1933-1934) also holds that the creative 
mind of the artist is related to pathological minds, although the two 
are not the same. While the new and creative in art requires a de¬ 
gree of abnormality which is not too far removed from group stand¬ 
ards, the paranoid mind is said to be separated from the minds of the 
group by impermeable barriers. The artist is a leader, while the alien¬ 
ated stands apart. Examples are cited of well-known modem artists, 
such as Van Gogh, Chagall, Soutine, Genis, and Georg. The fol¬ 
lowing “voluntary distortions” are noted in such works: archaism, or 
reversion to a primitive mode of painting, as found in Gauguin; in¬ 
fantilism, similar to that found in schizophrenic drawings, illustrated 
in the work of Henri Rousseau; deformation; and dishumanization, 
or stylized representation of the human form. 

In an address before the New York Branch of the American Psy¬ 
chological Association in April, 1936, Langfeld (1936) described 
aesthetic activity to be “the best means for the social communication 
of affective states,” just as language and gesture may be said to com¬ 
municate ideas. Aesthetic activity is closely allied to play activity, 
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although it has in addition a social reference not possessed by the 
latter. The artist expresses feelings by means of formal elements, 
such as lines, colors, or tones, as well as by configurations of such 
elements. Langfeld adds that definite suppression of any meaning 
which can be conveyed to others, as in surrealist art, may indicate 
anti-social and pathological tendencies. Wize (1936) holds that the 
freedom of “psychic play” in art, especially in modem art, brings it 
very close to the art of dementia praecox and paranoia. The “magic 
force of rhyme and rhythm,” recognized among the psychotic, is said to 
reign supreme in art. Baynes (1940) compares the products of border¬ 
line schizophrenics with those of Paul Klee; 3 of the latter’s paintings 
and 55 drawings and paintings by schizoid patients are reproduced and 
analyzed. The contemporary German attitude toward the problem 
of modem and insane art is illustrated by Schneider (1939) who criti¬ 
cizes the views of Prinzhorn and Lange-Eichbaum and maintains that 
modem art is degenerate and morbid because it is an attempted imita¬ 
tion of psychotic and primitive art, by more or less degenerate persons 
of “inferior racial groups.” 

It will be noted that all of the art works heretofore covered in 
the present section have been in the fields of drawing and painting, 
sculpture and other plastic arts, and needlework. We may now con¬ 
sider the relatively few investigators who have pointed out the rela¬ 
tionship between the insane and other art groups in the case of literary 
productions. A number of the writers previously discussed have al¬ 
ready indicated such resemblances and interrelationships. Dantas 
(1900) points out that paranoiac writings often resemble the work of 
minor poets, and cites the presence of neologisms, incoherences, archa¬ 
isms, symbolism, misuse of capitals and small letters, and italics. 
He holds that no writing of artistic merit, however, can be obtained 
without previous training. Stertz (1927) reproduces several pages 
of poetry written by 2 patients to illustrate his contention regard¬ 
ing tiie superficial resemblance between insane and expressionistic art. 
Mette (1928) emphasizes the regressive, archaic, and primitive nature 
of schizophrenic prose and poetry, as well as its relations to and differ¬ 
ences from expressionist art. 

Quercy (1920) cites several specimens of poems composed by a 68- 
year-ol<Tpatient with delusions of grandeur, who showed great facility 
in rhyming and meter. Quercy states that the misuse and distortion 
of words and the presence of neologisms produce an effect somewhat 
like the work of Gertrude Stein and other modem literary figures. 
Brill (1931) is concerned with verbal expressions of a rhythmic 
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nature in the primitive and the insane, and finds similar mechanisms 
in his mental patients with poetic talent. He claims that all of the 
latter showed definite “oral erotic fixations,” and their neuroses “re¬ 
pressed oral regressions.” An examination of the foremost poets, he 
adds, gives evidence of the existence of distinct “oral erotic manifesta¬ 
tions” in their expression. This oral eroticism is also said to be illus¬ 
trated in the child’s repetitive and meaningless sounds, in the adult 
use of pet-names and “baby talk,” in the stereotyped expressions of 
schizophrenics, in repetition of meaningless syllables in primitive 
chants, and in the poetry of Gertrude Stein and other writers. 

Finally, mention might be made of a few studies in which the re¬ 
semblance between abnormal and other types of musical behavior have 
been pointed out. Lombroso (1895b: 207) calls attention to the fact 
that paralytics and others often show a preference for monotonous 
chanting and states that “in manics, acute and joyous notes predom¬ 
inate, and, still more, the repetition of the rhythm.” Lombroso adds 
that “savages, in speaking, make use of a sort of monotonous chant 
analogous to our recitative.” From her study of auxiliary school 
children and adolescent psychopathies, Birber (1931) concludes that 
their attitude toward music is comparable to that of primitive peoples, 
showing a preference for rhythmical as contrasted with tonic elements, 
and for dull, high, shrill, or dissonant tones. Felber (1933) discusses 
the music of infants, neurasthenics and paranoiacs, drunkards, and 
deaf-mutes, and considers the abnormal’s interest in sharp, choppy 
rhythm, loud noises, and rough racket to indicate a “regression to a 
primitive level.” 

The Problem of Genius and Insanity in Art 

The current section is concerned with the literature dealing with 
the relationship between artistic genius and insanity. No attempt 
will be made to treat the various theories of genius per se; for a 
summary of such theories—classified as pathological, psychoanalytic, 
typological, and deviational—the reader is referred to Anastasi (1937: 
357-362). The present interest is only in artistic genius, as dis¬ 
tinguished from genius in scientific or other fields of human endeavor. 
Much of this literature is theoretical and speculative, while the re¬ 
mainder deals with case studies purporting to show the abnormality 
of recognized professional artists of varying degrees of eminence and 
popular acclaim. No attempt will be made to treat the early views on 
this problem in great detail; for a more extensive consideration and 
summary from several different points of view, the reader is referred 
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to Nisbet (1912), Nordau (1896, 1898), Vinchon (1924), Hyslop 
(1924,1926), Birnbaum (1920), and especially Lange-Eichbaum (1928, 
1932). 

A n umb er of early Greek and Roman writers were concerned with 
the relationship which they believed to exist between genius and in¬ 
sanity. Aristotle noted how often eminent men displayed morbid 
symptoms of mind, and Plato distinguished two kinds of delirium: 
one being ordinary insanity, and the other the God-given spiritual 
exhalation which produces poets, inventors, and prophets. The furor 
poeticus and the amabilis insania of the Romans had reference to the 
same phenomenon. Democritus also saw such a relationship. It was 
Seneca who inspired Dryden to write his well-known line regarding 
great wit and madness being near allied. Lamartine spoke of the 
“maladie mentale qu’on appelle genie,” and Pascal pointed out that 
‘"Vextreme esprit est voisin de VextrSme folie.” A number of other 
early writers could be mentioned, although these will serve as 
typical of the early points of view. 

As early as 1836, Lelut (1836) scandalized the world of letters by 
declaring that physiological evidence furnished by the life of Socrates 
left no doubt but that the “father of philosophy” was subject to 
trances, attacks of catalepsy, and to false perceptions and hallucina¬ 
tions, constituting what he termed “sensorial or perceptual madness.” 
Ten years later, Lelut (1846) passed a similar judgment upon Pascal, 
whose visions and hallucinations were of a religious nature. This 
early work of Lelut served as an important stimulus for the ensuing 
theoretical work of Winslow, Moreau de Tours, Lombroso, and others, 
as well as for a host of similar analyses with respect to the abnormal 
characteristics of other men of genius. In 1849, Winslow (1849, 1852) 
discussed the eccentricities and insanities of various eminent persons, 
with special emphasis upon literary genius. Approximately 50 to 60 
different authors are considered in the light of their syndromes. He 
elsewhere (Winslow 1859) discusses the literary productions of the 
insane, following closely the work of Delepierre (cf. 1860), and cites 
numerous examples of their prose and poetic work. Under the title, 
“Mad artists” (1880), Winslow discusses the work of the following 
artists who were insane: James Barry, Blake, C ellini, Haydon, Land¬ 
seer, Morland, The Cat Raphael, and Turner. 

Fleury, writing under the pseudonym of Champfleury, published 
his “Les excentriques” (Champfleury 1856) in 1856. This book con¬ 
tains biographical anecdotes showing the eccentricity and frequently 
the insanity of a number of French characters of public life. In his 
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famous “La psychologie morbide,” Moreau de Tours (1859) main¬ 
tains that all genius is a neurosis, and often a psychosis; originality 
of thought is equally characteristic of all of these conditions. Heredi¬ 
tary factors are emphasized as relating to genius and insanity, 
Moreau maintaining that most superior individuals have insane 
persons in their family tree, and vice versa. In the last chapter 
(pp. 518-568), Moreau gives an annotated list of famous persons 
from all walks of life, including art, classified according to their 
disorder. The cases are distributed as follows: (1) “properly called 
insanity’’—79 cases, (2) “state of eccentricity”—13 cases, (3) “idiocy 
and rachitism”—26 cases, (4) “neuroses”—67 cases. Schon (1859) 
contends that hallucinations and illusions are experienced by creative 
artists more frequently than by other people, and cites illustrations 
in the cases of poets, painters, and actors. This is especially true, 
he adds, in the case of geniuses who have a complete mental image 
of their product before they begin work, and who consequently simply 
copy their mental image. 

None has espoused the cause of the relationship between genius and 
insanity more intensively than Lombroso, and none has given more 
impetus to the pathological view of genius. In his well-known book, 
“The man of genius” (1895b) as well as in his “Genius and insanity” 
(1887), Lombroso attributes to the genius certain physical stigmata 
which are alleged to be indicative of atavistic and degenerative ten¬ 
dencies. He states (1895b: 66), “the resemblance between insanity 
and genius, although it does not show that these two should be con¬ 
founded, proves at all events that one does not exclude the other in 
the same subject.” He then cites numerous cases of genius, of which 
some were artists like Schumann, Tasso, Hoffman, Lamb, Baudelaire, 
etc., who were insane. Following his lengthy discussion of genius in 
the insane, Lombroso treats “literary and artistic mattoids” who, hav¬ 
ing the appearance of genius plus the character of the average man, 
are alleged to be “semi-insane persons” serving as a link between the 
madmen of genius, the sane and the insane. Lombroso reports a 
total of 186 books written by literary mattoids, classified according 
to subject matter. He states (p. 219), “while poetry prevails among 
the insane, theology and prophecy predominate in the mattoids, and 
so on in diminishing proportions for the more absolute, uncertain 
and incomplete sciences, as we see by the scarcity of the naturalists 
and mathematicians.” Mattoids are said (p. 220) to prefer “the most 
grotesque and uncertain subjects or questions which it is impossible 
to solve.” Lombroso concludes: 
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“Not only is there an imperceptible gradation between sane and insane, be¬ 
tween madness and mattoids, but also between these last (who are the very 
negation of genius) and men of real genius.” (p. 226.) 

“In conclusion, it is very evident that the insane artist is as superior to the 
mattoid in the practice of his art, as he is inferior to him in practical life; that, 
in short, in the region of art, the mattoid approaches nearest to the imbecile, 
and the lunatic to the man of genius.” (p. 241.) 

In his later “Studies on genius and degeneration, 1 ” Lombroso (1907) 
discusses the pathological condition of a number of eminent men, 
many of them painters and literary figures, and summarizes the writ¬ 
ings on insanity and genius by Nordau and others. 

Kiernan (1886, 1887) points out that many patients, in the emo¬ 
tional stages of insanity, have composed respectable poetry, and 
have lost this faculty on recovery. Such analogies, however, are 
superficial; none of these lunatics was capable of sustained poetic 
flight. Kiernan lists the following writers who suffered from some 
form of insanity, although the abnormality marred much of their 
work, and their creative powers were diminished when their insanity 
was most fully developed: Nathaniel Lee, Sappho, Lucretius, Marlowe, 
Ben Johnson, Bunyan, Wycherly, Torquato Tasso, Moli&re, Swift, 
Pope, Defoe, Rousseau, Goldsmith, Johnson, Savage, Cowper, Byron, 
Scott, Coleridge, De Quincy, Rogers, Southey, Shelley, Emerson, Saxe, 
Poe, Victor Hugo. Kiernan thus differs with Moreau de Tours, Lom¬ 
broso, and others, and contends that real genius is not the product of 
a morbid mind; in the exceptional cases where the two co-exist, the 
genius is evidence of a healthy conservative element struggling with 
the incubus of disease. The best-balanced poets have been the great¬ 
est, he maintains, and cites numerous examples. Kiernan concludes, 
(1887: 349) “the subtle chain of associating power which constitutes 
genius in its highest and best sense, differs very decidedly from the 
disjointed condition existing in paranoia.” In a later article on the 
same problem, Kiernan (1892a) reproduces numerous quotations from 
early classical and later historical and literary authorities regarding 
the alleged relationship between genius and neurosis. The theories 
of various philosophers are also presented, from Plato to Schopen¬ 
hauer, and the views of Moreau de Tours, Lombroso, Nisbet, Rush, 
Winslow, Savage, Philomneste, Maudsley, Herbert Spencer, Flourens, 
and others are treated in detail. After discussing numerous cases 
of famous persons with mental afflictions, Kiernan concludes, as in 
his previous articles, that genius is not a neurosis. 

Beginning about 1890, Mobius, a German investigator, undertook 
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a number of detailed case studies of the clinical histories of persons 
of genius who showed abnormal symptoms. Mobius is best known 
for having originated the term “pathography.” His prolific works 
serve as a forerunner of the numerous German studies in this field. 
Typical works are a volume of collected papers (Mobius 1901) con¬ 
taining essays on psychiatry and the history of literature, the study 
of talent, degeneration, Rousseau, Goethe, etc., and his eight-volume 
“Ausgewahlte Werke” (1903-1907), including a discussion of a num¬ 
ber of eminent writers such as Rousseau, Goethe, Schopenhauer, and 
Nietzsche. The historical importance of Mobius’ work is attested by 
Lange-Eichbaum (1932: 104) who states that “it is to him that we 
owe the fact that psychopathography attained the rank of science in 
Germany.” The general importance of psychopathography in Ger¬ 
many is illustrated by the detailed outline of its problems and 
methodology found in the report of the “Committee for Psychopathog¬ 
raphy” by Stem, Baade, and Lipman (1909). 

Nisbet’s extensive work, “The insanity of genius” (1912), the 
original London edition of which appeared in 1891, includes an ex¬ 
cellent historical summary of the early work of Lelut, Moreau de 
Tours, Lombroso, and others. Nisbet’s own position is indicated by 
his statement (p. 56), “it is chiefly through insanity that a view can 
be obtained of the workings of genius, and, from the facts I propose 
to bring forward, it will be seen that the two conditions of mind have 
much in common.” Genius is considered to be the occasional outcome 
of inherited nerve-disorder, variously manifested, the right combina¬ 
tion of characteristics occurring by chance in one individual. Nisbet 
cites a number of cases of mental patients whose writings, paintings, 
or other artistic creations reached levels of which they were incapable 
while in a normal state. Special attention is given to institutional 
journals, and to the writings of such literary madmen at Bedlam as 
Nathaniel Lee, Christopher Smart, and Thomas Lloyd. Geniuses who 
were insane, such as William Blake, are discussed in detail. Chapter 
4 is devoted to examples of “men of letters lapsing into or approach¬ 
ing insanity”; 23 cases are discussed, together with their ancestors, 
collateral relatives, and descendants. Three of the men—Cowper, 
Charles Lamb, and Tasso—were actually committed at some time in 
their lives. Chapter 5 contains a similar consideration of 30 to 40 
cases described as “metamorphosis of nerve-disorder, manifested 
in gout, blindness, deformity, drunkenness, ne’er-do-wellism,” etc. 
Shakespeare is discussed in chapter 6, Nisbet arguing that he came 
from a weak strain and probably died of paralysis agitans or apoplexy. 
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In chapter 7, the “musical and artistic faculties allied to insanity” 
are treated, the cases being classified into eminent musicians (of whom 
Donizetti and Schumann were institutionalized), plastic and graphic 
artists, and actors. 

In his book, “Degeneration,” Nordau (1896) extends the concept 
of degeneracy, first introduced by Morel and developed by Lombroso, 
to the field of art and literature; in so doing, he states that he is 
attempting to fill a void existing in Lombroso’s system. He states that 
he has “undertaken the work of investigating . . . the tendencies 
of the fashions in art and literature, of proving that they have their 
source in the degeneracy of their authors, and that the enthusiasm of 
their admirers is for manifestations of more or less pronounced moral 
insanity, imbecility, and dementia.” Four major types of degenera¬ 
tion are discussed. One is “fin-de-siecle ”—a feeling or general atti¬ 
tude of imm inent perdition and extinction, and a practical emanci¬ 
pation from traditional discipline which is theoretically still in force. 
The diagnosis is that of degeneracy and hysteria, of which the minor 
stages are designated as neurasthenia. This type is synonymous with 
Maudsley’s and Bell’s “borderland dwellers,” Magnan’s “degeneres 
superieurs,” and Lombroso’s “mattoids” and “graphomaniacs.” “Im¬ 
pressionists,” “stipplers,” “mosaists,” “papilloteurs” or “quiverers,” 
“roaring” colorists, etc., indicate the visual derangements of this group. 
The fatigue and exhaustion resulting from contemporary civilization, 
with the increased number of sense impressions and organic reactions, 
are claimed to be in part accountable for such conditions. 

The second type of degeneration discussed by Nordau is mysticism, 
in which the person imagines he perceives unknown relations. The 
Pre-Raphaelites, Romanticism, English aestheticism, French symbol¬ 
ism, Tolstoism, and the “Richard Wagner Cult” are among the ex¬ 
amples cited. The third type is ego-mania (Ichsiichtigeri ), a salient 
feature in the character of the degenerate. Idealism, “ego psychol¬ 
ogy,” Parnassians and Diabolists in literature, decadents and aes¬ 
thetes, Ibsenism, and the philosophy of Nietzsche are discussed in this 
connection. Realism is the fourth type of degeneracy, examples be¬ 
ing found in the “Young-German Plagiarists” and in the emphasis 
of Zola and his school upon degenerate conditions (e. g., coprolalia, 
mania blasphematoria); inclination to depict dements, criminals, 
prostitutes and semi-maniacs; pessimism; predilection for slang, etc. 
Nordau concludes (p. 536) that in all these tendencies “we detect the 
same ultimate elements, vie., a brain incapable of normal working, 
then a feebleness of will, inattention, predominance of emotion, lack 
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of knowledge, absence of sympathy or interest in the world and 
humanity, atrophy of the notion of duty and morality.” Nordau 
elsewhere (1898) points out that real genius may not be pathological, 
but represents a higher evolutionary development. Genius is for this 
reason said to be more exposed to cerebral disorders, but not to be 
a priori psychotic. 

Maudsley (1895 : 60) holds that eccentricity “may obviously be of 
all kinds and degrees from mild and odd to grotesque and silly, run¬ 
ning through a scale reaching from actual insanity to the borderland 
of genius.” This is the reason for “the common saying that genius 
and madness are near akin,” but such genius is of an inferior order— 
intense, narrow, hysterical and explosive; not calm, large, whole and 
constructive. The common element in genius and madness is held to 
be a “tendency to variation,” a mobile and plastic factor predispos¬ 
ing to new modes of thought. He does not feel that the insane can 
contribute much to art, for he characterizes (p. 70) such artistic 
elaborations as “feeble, fanciful, and artificial,” and “likely to be 
nothing better than . . . endeavors to express sentiments that have 
no substance and thoughts that have no form.” He refers to them 
as “labored contortions of meaningless expression” and as “hysteric 
art for art’s sake.” 

In his articles on “Intellectual feelings in the mentally diseased,” 
Chizh (1896) points out that the more severe the disease, the more 
inadequate and feeble the intellectual feelings. Aesthetic feelings 
weaken first, because they are the most recent and therefore the most 
unstable acquisition of mankind. Even gifted artists are incapable 
of producing, in their old age, as fine productions as marked their 
sounder years. That the genius may suffer from insanity is readily 
admitted, but the disease destroys, damages, or weakens the develop¬ 
ment of creative activity. Thus the paradoxical mixing of genius 
and insanity, of which Lombroso is guilty, is without foundation. 
Psychiatrists have cited examples of insane patients who occupied 
themselves in the intellectual field; their interest, however, could only 
have been pretended, since their limited powers are not in accord 
with the demands of intellectual labor. In fact their pretended 
interest was very likely only for the purpose of gaining attention 
or sustaining their ego. Wizel, in his article on “Wit of the insane 
with a few words on their artistic ability” (1899), also claims that 
Lombroso’s theory regarding the intellectual affinity of genius and 
insanity is exaggerated if not false. Insanity always leads to a 
greater or lesser intellectual impairment, and if humorous or artistic 
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talent appears in the insane, it does not in the least depend upon an 
increase of intellectual powers as a direct result of the disease. 
Lombroso’s facts are accurate, but his conclusions are fallacious. 
Wizel believes that such artistic talent, as well as that for wit, is of 
two kinds: in one case, the insane carry into the psychotic state 
a talent previously possessed before the onset of the disease; in the 
other case, the talent is a new acquisition as a direct result of the 
disease, although in no case is there a general increase in intelligence, 
as Lombroso maintained. In the latter case, strong hallucinations, 
vivid imagery, loss of judgment and of critical and analytical sense 
may lead to unusual artistic creations. Wizel cites several illustra¬ 
tive cases from the Psychiatric Ward of Warsaw Hospital. 

We come now to representative 20th century works on the problem 
of artistic genius and insanity. Stadelman, in his book on “The place 
of psychopathology in art” (1908), reviewed by Warstat (1912), as¬ 
sumes a purely statistical definition of abnormality in terms of 
quantitative deviation from the norm. Artists objectify their world 
only quantitatively differently from normals, so that the average 
man curses in anger, whereas Rembrandt produces a dramatic paint¬ 
ing, which is just another method of symbolization. From this point 
of view Stadelman discusses 6 poets and 5 painters, considering their 
works as subjective expressions. Genius and psychosis are said to 
be similar in that both result from a physiologically supernormal ex¬ 
citability of the brain as found in fatigue, the only difference being 
that the genius is capable of synthesizing the “dissociated elements 
of consciousness.” The genius is in danger of psychosis if he loses 
this synthesizing power. This is held to account for the hallucina¬ 
tions and other abnormalities found in artists. Antheaume and 
Dromard (1908) discuss the poetry of a number of pathological men 
of genius, including Baudelaire, Lenau, Musset, Nerval, Poe, Rimbaud, 
Tasso, Verlaine, and others. 

Jacobsen (1909) cites a number of examples from literature and 
painting which glorify diseased and pathological persons, ranging 
from cases of malnutrition and pallor to cretins, manics, and patients 
suffering from all sorts of physical diseases and malformations. Most 
of the article is concerned with citation of illustrative cases and their 
diagnosis. De Quincy, Baudelaire, Tasso, and Petrarch are discussed 
in detail, as are selected portrayals of Christ and other paintings 
from the Pre-Raphaelites to the present; more than 50 artists are 
named. Jacobsen argues that the artist who sees beauty in the 
pathological must himself be mentally pathological. In his later and 
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extremely popularized book on “Genius," Jacobsen (1926) advances 
and defends the thesis that genius is the product of neuropathic and 
“ethnically inharmonious” stock, and that given the “native spark,” 
alcohol and disease act to paralyze inhibitions and so release latent 
powers. Genius is not associated with degeneracy or insanity; in¬ 
sanity, unlike alcohol and tuberculosis, tends to confuse and to wreck 
genius. Genius occurs in atypical people who are more likely to 
develop insanity, but the latter is a handicap to their genius and not 
the cause of it. Jacobsen cites a large amount of anecdotal case ma¬ 
terial to support his various contentions. The appendix includes lists 
of well-known composers and painters who used alcohol, consumptive 
writers who created literature of high calibre, and similar illustrations. 

Hinrichsen (1911), positing a general poetic type, also emphasizes 
the influence of bodily conditions making for visions and hallucina¬ 
tions. He states that depending on where one draws the line between 
psychopathology and sanity, all poets and everybody else could be 
classified as one or the other. In a later article, Hinrichsen (1932) 
discusses the relations between literary productions and neuroses, with 
references to well-known writers and to mental patients. He points 
out, for example, that in the case of a patient of Marcus as well as 
in the case of Grillparzer’s “Ahnfrau” and “Sappho” or Goethe’s 
“Faust,” tensions were released by such productivity. The excite¬ 
ment and elation during poetic production, and the “dream state” of 
“clouded consciousness” are physiological but not necessarily patho¬ 
logical phenomena. Hinrichsen thus concludes that psychic production 
of great value has nothing to do with neurosis, psychopathy, or psy¬ 
chosis. Bleuler (1911) refers to former artists who became insane, 
and maintains that their productivity suffers and their works become 
odd, repetitive, and frequently expressive of their complexes. 

Fay (1912) objects to the practice of labeling artists insane by 
concentrating on their peculiarities; in such cases it is absurd to 
claim that their insanity was a principal factor in their art. Artists 
are more exposed to insanity because of their way of living and be¬ 
cause of the emotional intensity in creating a work of art. Fay points 
out that many artists continue to paint after commitment, and some 
create their best work then, whereas others cease to paint when their 
faculties weaken. Non-artists often begin to paint when they deterio¬ 
rate. Fay is skeptical of the value of insane art in understanding 
pathological conditions, although he maintains that it is easier to de¬ 
tect such characteristics in the work of the trained artist; among the 
untrained, it is difficult to discover the mental disorders underlying im- 
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perfections in form, color, and technique. In this connection, he cites 
well-known modem artists, such as Ensor, Van Gogh, Van Dongen, 
Redon, and Rousseau, whose technique, in distorted form, is found 
among the insane. Fay concludes that the insane artist is controlled 
by his ideas and is deficient in auto-criticism. He draws not what 
he sees, but what he would like to see; hence the disproportions and 
distortions. 

Vinchon (1913a) refers to the catalogue “de VEnfer” in the National 
Library, in France. Most of the works in this catalogue date from 
1780 to 1810 and illustrate a wide variety of perversions, such as 
sadism, masochism, fetishism, and sexual inversion. He points out 
that it is often difficult to distinguish the pathological element, and 
concludes (p. 158), “Among the insane, obscene writings and draw¬ 
ings are not rare and there one finds no care for art or literature: 
between these products and certain pages which one considers only 
as badinage, the steps are numerous and lead imperceptibly from 
the normal to the pathological state.” 

In his well-known book , 11 Vart et la folie ” Vinchon (1924) devotes 
the first chapter to “diagnosis by public opinion.” He credits 
Aristotle with first posing the question of the relation between insanity 
and genius. Most artists produce works which are quite realistic 
and portray socially acceptable themes; only a few well-known 
artists have specialized in highly abstract, symbolical, or erotic 
forms of art. It is this small group, however, which is puzzling, since 
it is these forms which are preferred by insane artists, although the 
latter treat them in a way which is characteristically their own and 
the drawings bear the stigmata of their insanity. Vinchon emphasizes 
the fact that the strangeness of a work of art cannot be regarded as 
evidence of insanity, even if the artist has chosen the same subjects 
as the insane. One must consider all his works, biographical details, 
correspondence, opinions of contemporaries, etc. Similarly, the actual 
insanity of an artist does not necessarily imply that his work is 
pathological. Van Gogh is cited as such an example, his paintings 
showing the same stylistic features before and after the “cut-ear” 
episode and his subsequent admission to the Asile de Saint-R&ny and 
ultimate suicide. 

Vinchon points to the relative rarity of insane art, if one excludes 
formless and absolutely senseless drawings, as seeming to contradict 
Lombroso’s contention that a number of psychopaths can be con¬ 
sidered geniuses. Writers on insane art have repeatedly used the 
same examples from the collections of Chambard, Serieux, Marie, and 
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others, accumulated oyer many years. The original belief in the rela¬ 
tion between insanity and genius was quite generally held by the 18th 
century encyclopedists and writers on mental medicine and insanity, 
their views being based upon the citation of incidents in the lives 
of eminent men. Lombroso’s concept of the degenires superieurs 
was the culmination of this point of view. Vinchon states that many 
painters (e. g., 16th and 17th century Flemish) came from normal and 
healthy families, and that in the lives of many eminent men patho¬ 
logical characteristics are found only in isolated incidents. Lombroso 
and others have confused the “wear and tear on the nervous system” 
among men of genius with genius itself. Fits of depression, excit¬ 
ability, pride, and the like on the part of the artist should not be 
confused with pathological symptoms, since they may have a very 
different origin; a sensitive and imaginative person cannot live as 
calmly as a storekeeper. 

In a later article, Vinchon (1927) deals with questions raised by 
Lehel in his “Notre art dement” (1926) regarding whether or not all 
artists are insane. Lehel points out that patients may begin to draw 
during institutionalization, but that many ordinary people have done 
the same thing. Nor are the mystic and erotic symbols which char¬ 
acterize insane drawings any different from those found on the walls 
of privies. Vinchon comments on LehePs point of view, and contends 
that we must distinguish between a sporadic dream and that of a true 
artist, although Vinchon admits that many eminent artists have been 
insane. Lehel holds that madness in art broke out in all its fury in 
the 20th century, when Seurat's “science” produced a number of 
“isms,” to which dadaism has added the finishing touch. Vinchon 
classifies the 20th century insane, semi-insane, and perverted into the 
following 5 groups: 

"(1) Those under the influence of Ctezanne, but without his genius; tormented 
by a sort of classicism: Derain and Modigliani (the series of his works is the 
stereotypy of an insane man). 

(2) More gifted: Matisse, Roualt, Pascin, Utrillo, Czobel, Kokoschka, Nolde, 
and Heckel—all possessing ugliness in the extreme. Only a hair’s breadth 
separates these artists from the insane, who devour their works. 

(3) The dreamers: Barlach, Kubin, and Gulacsy. They are variants of Redon 
and Elisor. 

(4) The Simultaneists or Cubo-Futurists: Picasso, Braque, Delaunay, Lurgat, 
Lipchitz, Boccioni, and de Chirico. The Simultaneists are the most numerous, 
because Picasso has an influence on the new generation almost equal to that 
of Cezanne. They design two or three figures one on the other. The confusion 
which results exceeds all the other madness. Picasso conducted experiments 
with all sorts of caprices. , . . 



76 


ANNALS NEW YORK ACADEMY OF SCIENCES 


(5) C hagall, Josephson, Klee, Grosz, Touny—approach the typical insane. 
They represent the i nsan e by the types and styles borrowed from the insa n e. 
They characterize by simul tan eism the insane brain which sees the embryo in 
its mother’s stomach and genital organs through her dress and lingerie.” 

Vinchon concludes that schizophrenia, insanity in general, and artistic 
passion have evolved simultaneously. The old Hokasai, at the end 
of his long artistic career, declared himself “fou de dessin” and thought 
so well of it that he signed it after his name. Vinchon adds, however, 
that the experienced clinician will remain skeptical. 

H amilton (1918 : 485) is of the opinion that the symbolic art of 
children, primitive man, and the insane indicates “lowly organized 
concepts, or those that are the result of disease.” He points out that 
even in artists whose form is widely accepted (e. g., Goya, William 
Blake, Whistler, El Greco, Pointellists, etc.), there is an evidence of 
mental unsoundness. Cubists and futurists are divided into 3 classes: 
the ignorant, the dishonest, and the insane. Hamilton treats in detail 
the psychoses of El Greco, Blake, and Wiertz (c/. Anastasi and Foley 
1940b, section on architecture). The pre- and post-institutional work 
of Charles Mery on is also discussed and illustrated, Meryon having 
been committed at Charenton in 1858. Miiller-Freienfels (1921) 
makes the unconditioned statement that the “basic difference between 
poetic talent and average humanity” is the increased emotionality 
of the former. Hildebrandt (1920) devotes the sixth chapter of his 
book to “genius and degeneration,” in which he maintains that the 
overexcited moods of psychotics and the hallucinations of delirious 
persons can be used for poetic and artistic purposes. But such a 
productive force, he argues, does not originate in the disease; it is 
only preserved and colored by it. 

Pfister (1923) reports a psychoanalysis of a young French artist 
“acknowledged in his own circle as a highly gifted artist.” Free 
association was used in connection with dream and drawing analysis. 
The drawings, including 3 portraits of the analyst, a self-portrait, a 
portrait of the artist’s wife, as well as several “symbolical” and 
abstract subjects, are interpreted psychoanalytically in terms of their 
manifest and latent content. The paintings are said to reflect a 
change in the artist’s emotional attitude: the earlier ones are expres- 
sionistic and reveal his hatred of mankind together with references 
to unpleasant early experiences; the later ones show him in a more 
lyrical mood and at peace with the world. In his “Psychoanalyse de 
Vart,” Baudouin (1929) summarizes Pfister’s conclusions based upon 
the above case. Baudouin emphasizes the fact that such paintings 
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are expressions of “disguised complexes” and are often attached to 
recent experiences which have reawakened the “complex” by associa¬ 
tion and have become combined with it, after a brief incubation period, 
to produce the work. Such paintings thus play a part in the sublima¬ 
tion, over and above the analysis itself. In such a manner, Pfister’s 
artist patient, who had risked falling into a pathological “autism,” 
regained a means of communication with men and reality. Baudouin 
adds that he has made a similar analysis of an eminent poet, Henri 
Mugnier, bom in 1890. Baudouin (1924) elsewhere gives an objec¬ 
tive and straight-forward explanation of many psychoanalytic terms, 
pointing out, for example, that symbolism should not be regarded as 
fixed and immutable, but as developed through individual experience. 
Baudouin states (p. 295) that those poems which are regarded as 
masterpieces “are the outcome of a very strong and very precise con¬ 
densation of images” which “would seem to favor the genesis of great 
works.” The symbol is the essential means of expression in poetry, 
as in all imaginative work. 

Stekel (1923) voices the psychoanalytic view regarding the funda¬ 
mental psychological similarity between the dream, artistic activity, 
and neurosis, in so far as all are said to “draw upon the unconscious.” 
He considers the relation between artist and neurotic to be very close, 
and maintains that “not every neurotic is an artist,” although “every 
artist is a neurotic.” He states that there are no absolutely normal 
persons. “In everyone’s breast there slumbers a bit of neurosis,” and 
this is held to constitute the foundation of all creative ability. “All 
creative ability represents a freeing of excessive energies, an outflow 
of pressing inhibitions;” this is held to be especially true in poetry, 
so that “every poetic creation is a confession 1” Stekel objects to the 
connotation that genius is degenerate. He distinguishes between 
neurosis and psychosis, and maintains that neurosis is not a taint, but 
“forges the background for all progress.” Similar psychoanalytic 
views with respect to the creative value of neurosis have been re¬ 
peatedly expressed by Lewis, Schilder, and others. 

Weygandt (1924, 1925) warns against the lack of objectivity in 
the field of insane art, and criticizes Prinzhom, Jaspers, Schilder, and 
others for “heroization” of their cases. Weygandt outlines four pos¬ 
sible relationships between insanity and art: insanity may (1) extin¬ 
guish artistic ability (e. g., Makart), (2) run parallel with it (e. g., 
Manet), (3) facilitate dormant talent, (4) cause change in style (e. g., 
Van Gogh, and Weygandt’s own case of a girl illustrator of children’s 
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fairy tales who changed the characteristics of her drawings and ended 
up by making cloth dolls). Audry (1924) is interested exclusively in 
insanity among professional artists. He cites a number of illustrative 
cases, and emphasizes the difficulty of generalization. Toulouse- 
Lautrec and Jongkind are given as examples of artists who do not 
show their aberration in their work, but whose work either ceases or 
remains unaltered during their illness and appears perfectly normal. 
A second major class contains artists who are normal but who paint 
pictures which would be diagnosed as abnormal; Jerome Boch, 
Breughel the Elder, El Greco, and Goya are members of this group. 
Thirdly, there are those insane artists who give indication of their 
disorder in their work, of which Van Gogh, A. Guirand, Monticelli, 
William Blake, and Mery on are outstanding examples. Henry (1925: 
157-159) discusses 25 cases of eminent men who have commonly been 
regarded as normal but who were definitely abnormal. Among the 
different artists mentioned are: Balzac, Beethoven, Byron, Chopin, 
de Quincey, Goethe, Mozart, Nietzsche, Pascal, Rossini, Rousseau, 
Schiller, Schopenhaeur, Socrates, Swift, Tasso, Tolstoy, Voltaire, 
Wagner. 

Hyslop’s extremely conservative attitude toward modern art, dis¬ 
cussed in the previous section, is carried over to the artists associated 
with “extravagances” in art, music, and literature. In “The border¬ 
land” (1924), he emphasizes the fact that such individuals are either 
suffering from disease or are attempting to achieve self-advertising 
and short-cuts to notoriety. Schonberg’s discordant music is discussed 
at length, and futurism in music, as in art, literature, science, and 
religion, is interpreted as the result of exhaustion, making excessive 
stimulation necessary for a satisfactory response. He maintains 
(p. 136) that “true insanity occurred in Romney, Cosway, Haydon, 
and Landseer.” Turner was probably insane, as were James Barry 
and William Blake. Hyslop continues (pp. 136-137): 

“Many of the greatest painters, sculptors, and engravers, whose names live in 
their works, have their names inscribed in the case-books of our asylums. The 
chronicles of Bedlam alone would provide enough material to form a substantial 
volume. For obvious reasons, however, such chronicles are sealed. Giorgione, 
Tintoretto, Paul Veronese, Botticelli, Leonardo da Vinci, Raphael, Albert Dtirer, 
Claude Lorraine, Salvator Rosa, Benvenuto Cellini, Vandyck, and Watteau, all 
suffered from some form of nervous disease. Among artists we have only to 
mention Sir Joshua Reynolds, Flaxman, Morland, Fuseli, Lawrence, Liversedge, 
Wilkie, Mackie, Dor4, and Meissonier, all of whom had distinct evidences of 
degeneracy. 
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“We are told that Molifere, Petrarch, Charles V, Handel, St. Paul, and Peter 
the Great were epileptics. Paganini, Mozart, Schiller, Alien, Pascal, Bichelieu, 
Newton, and Swift were victims of diseases epileptoid in character. Dr. John¬ 
son, Napoleon, and Socrates suffered from spasmodic and choreic movements. 
Zeno, Cleanthes, Lucan, Chatterton, Blount, Haydon, and Chve committed 
suicide. Coleridge, Sheridan, Steele, Addison, Hoffmann, Charles Lamb, Bums, 
Morland, Turner, Dussek, Handel, Gluck, and others abused the use of alcohol 
and other drugs. Salhurst, Seneca, and Bacon were suspected felons. Bousseau, 
Byron, and Caresa were grossly immoral. Dayner, Clement, Diderot, and 
Frayn were perverts, etc. Shelley, Bunyan, Swedenborg, and others had hal¬ 
lucinations.” 

In his well-known book, “The great abnormals,” Hyslop (1925) 
discusses eminent men in all walks of life who were abnormal in one 
way or another. Chapters 10 and 11 are devoted to “The peculiarities 
of men of genius,” a total of 111 of such men—mostly from the vari¬ 
ous fields of art—being discussed. This book ranks with those of 
Nisbet, Birnbaum, and Lange-Eichbaum as the most comprehensive 
treatments of the abnormalities of men of genius. In his “Mental 
handicaps in art,” Hyslop (1927) devotes chapter 4 to “Disease in 
art” and chapter 5 to “The influence of toxins.” He states (p. 68), 
“degenerates often turn their unhealthy impulses towards art, and 
not only do they sometimes attain an extraordinary degree of promi¬ 
nence, but they may also be followed by enthusiastic admirers who 
herald them as creators of new eras in art.” He points out (p. 69), 
“the artistic efforts of mental patients, however, do not always bear 
evidence of degeneration. The ideas of the paranoiac (or deluded) 
may be grotesque and fanciful, but the artistic merit may be great.” 
The insanity of Baudelaire, Gautier, and William Blake is discussed 
in connection with the “symbolism of the insane.” Hyslop also voices 
the opinion that “stigmata of degeneracy” are not confined to artists 
alone, but are also found in well-known art critics. Birnbaum (1920) 
likewise reports a collection of all possible forms of abnormal manifes¬ 
tations from the biographies of eminent persons, primarily artists. 
Approximately 150 names are discussed. 

Prinzhom (Prinzhom, Gesemann, Kronfeld, and Sach 1925) points 
out that belief in the relationship between poetic imagination and 
insane dreams and hallucinations was common in ancient Greece and 
Rome. Lombroso’s views are discussed at length, as are those of 
Kretschmer, Birnbaum, Pfeifer, Morgenthaler, Jaspers, Kronfeld, 
Sachs, and Jaensch. Karpov (1926) subscribes to the theory that 
man has not yet concluded his cycle of development, and that in this 
path of development certain individuals, viz., those subject to insanity, 
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far outstrip the rest of mankind. All of the insane do not lapse into 
mental chaos; some of them, especially the cyclothymics, produce 
great works. Almost all of the greatest creators in the arts show some 
sign of this particular disease, as is evident from their biographies. 
Karpov’s view regarding the creative ability of the insane is best 
summarized by the following conclusion (p. 190), “Our researches 
indicate that a man with an unbalanced nervous system can possess 
great artistic talent and that men whom one considers balanced cannot 
produce great works in a single scientific field; they can only realize 
and propagate the great works of the ‘abnormal’.” 

A series of works by Cabanes (e. g., 1895-1900, 1920, 1924, 1930- 
1935, 1938) are concerned with the general problem of genius and 
insanity. In his 4 volumes on “Le cabinet secret de Vhistoire, 
entr’ouvert par un medecin” (1895-1900), he is concerned with a study 
of the kings and pretenders to the French throne from a pathological 
viewpoint, as well as with the maladies of notorious artists and other 
personages. The psychopathological interpretation of history, its 
clinical value, and the relationship between medicine and sociology 
and philosophy are treated in another work (Cabanfcs 1920). 
Cabanes questions the concept of “degeneres superieurs” in favor of 
that of “desharmoniques.” A 6 volume work on “Les indiscretions 
de Vhistoire” (Cabanas 1924) deals with medico-historical problems, 
many of which center around the abnormality of eminent artists and 
other historical figures. The insanity of selected French artists also 
forms the subject matter of two later works (1930-1935, 1938), the 
former on “Grands nevropathes, malades immortels” containing 
material on the following: Baudelaire, Byron, Chateaubriand, Moli&re, 
Pascal, Shelley, Wagner (vol. 1); La Fontaine, Rousseau, Retif de la 
Bretonne, Bemardin de Saint-Pierre, Lamennais, Comte, Alfred de 
Musset, Victor Hugo, Sainte-Beuve, Les Freres de Goncourt (vol. 2); 
Hoffmann, Swift, de Quincey, Coleridge, Cooper, Tennyson, Heine, 
Chopin, Gogol, Gontcharov, Lermontov, and Dostoievsky (vol. 3). 

The well-known book by Jaspers (1926) compares Strindberg and 
Swedenborg with Holderlin and van Gogh. Case studies reveal that 
all four were schizophrenic, Jaspers maintains, although only the last 
two reached the chaotic stage. In this connection, mention might be 
made of the paper by Hedenberg (1938), containing a critical review 
of much of the extensive literature concerning van Gogh’s illness 
and art. Hedenberg concludes with Evensen that van Gogh suffered 
from epilepsy. The general relationship between schizophrenia and 
giftedness is discussed by Tsubina (1929). 
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Rentsch (1926-1927: 37-55) devotes half of his paper to the cita¬ 
tion of a long list of composers who suffered from various forms of 
insanity. Schumann showed symptoms of dementia praecox and had 
pronounced auditory hallucinations; Hugo Wolff was a paralytic; 
ftmpt.fl.nfl. had auditory hallucinations and paralysis; and Beethoven 
was a manic-depressive whose works are expressive of his sufferings. 
Fifty names of insane musicians are cited from a list given by Blaschke 
(1909). Rentsch concludes that insanity usually causes either a de¬ 
terioration or complete cessation of musical activity, and that it is 
impossible to point out characteristic deviations in the works of 
psychopathic composers. 

Rodriguez Lafora (1927) refers to a number of psychoanalytic 
studies of poetic and other forms of artistic creation. Studies of 
eminent artists are cited, as well as studies of typical insane patients. 
He contends that poetic inspiration has much in common with psycho¬ 
logical acts of “subconscious origin,” such as dreams, mystic ecstacy, 
visions and hypnagogic hallucinations, and periods of vivid imagination 
initiated by drugs, alcoholic intoxication, or fever. The latter agents, 
however, will not produce artistic inspiration in a common person 
any more than will insanity. Insanity may bring out a work of 
genuine artistic merit in an individual with talent. Rodriguez Lafora 
concludes that although pathological artistic inspiration helps in 
understanding normal activity since it is merely an exaggeration of the 
latter, nevertheless the psychological and aesthetic problems with 
respect to the artist are entirely distinct. Originators of modem art 
movements have proceeded with a gradually evolving idea in view, 
although some of their followers who derive satisfaction from such 
autistic art may well be schizophrenics. 

The relationship between language peculiarities of schizophrenics 
and the writings of well-known artists is close, according to Mette 
(1928). He refers to Prinzhom, Schilder, Reiss, Storch, and Kretsch¬ 
mer, and cites Bleuler’s statement that a schizoid disposition is a neces¬ 
sary condition for artistic talent, Jaspers’ view that psychosis releases 
latent creative powers, and Pfeifer’s emphasis upon the resulting lack 
of former inhibitions. Mette points out that one fact seems well 
established, viz., that in early schizophrenia one frequently finds 
artistic talent not previously present, and that such schizophrenic 
creations surpass in number and quality those of other psychoses. 
Mette discusses selected examples of schizophrenic prose and poetry, 
one case> being that of Holderlin at the beg inni ng of his psychosis. 
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Mette concludes that it cannot be decided whether or not psychosis 
creates talent, although it certainly creates particular forms of ex¬ 
pression (e. g., in the schizothyme poet) which are also found in true 
art. Many poets prefer schizoid characters in their works. The main 
difference between expressionism and schizophrenia seems to be that 
schizophrenics only desire to satisfy their craving to express them¬ 
selves whereas the expressionist is attempting to produce a certain 
effect on a reader. 

Perhaps the single most scholarly work on the problem of genius 
and insanity is Lange-Eichbaum’s “Genie, Irrsinn und Rukm” (1928). 
After an extensive discussion of his theory of genius, Lange-Eichbaum 
cites (pp. 350-432) the biographies of 200 men and women of genius 
from all countries, periods, and fields of endeavor, showing their ab¬ 
normalities. The biographies are fully documented, and vary in 
length from several pages to the simplest comment “for a long time 
psychotic.” There is a bibliography of 1652 references, classified 
under 21 headings, each dealing with a different aspect of the problem. 
In his later book, “The problem of genius,” Lange-Eichbaum (1932) 
presents a condensed version of his general point of view. The chap¬ 
ters deal with genius as related to value, fame, talent, insanity, and 
civilization, respectively. After showing (p. 11) that “genius cannot 
be anything absolute,” but implies a valuation, he considers the fol¬ 
lowing 4 factors in the valuation of genius: the enjoyment factor, the 
“ego-positive,” the consumer, and the bearer. He also points out 
(p. 30), “genius is a relationship,” and reproduces “fame curves” 
(extent of recognition as a function of time) for Goethe, Holderlin, 
Shakespeare, Griinewald, and Walther von der Vogelweide. Genius 
is not talent; “no psychologist ever will be able to describe a specific 
form of talent as essential to genius” (p. 97). 

After citing the early work of Lelut, Moreau de Tours, Lombroso, 
and Mobius on the problem of genius and insanity, Lange-Eichbaum 
states: 

“There is not an invariable or necessary association of genius with insanity. 
None the less, the detailed psychiatric investigations of the last hundred years 
show with irrefutable cogency that among geniuses healthy persons form a small 
minority. Most of them suffer from unfavourable abnormalities, deviations of 
one sort or another, which are bionegative in their working. Thus, the simplest 
answer to the question, what is the relationship between genius and insanity, 
would be a numerical one, showing the much greater frequency of mental dis¬ 
order than of sanity among geniuses.” (p. 110) 

“When we study the entire population of the country with reference to the 
existence of mental disorders, we find that from 0 2 to 03 % are under restraint 
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in asylums, and that, at a fairly high estimate, not more than about 0.5% of the 
total population will be affected with grave mental disorder. But among geniuses 
(considered to the number of three or four hundred individuals) we find that from 
12 to 13% have been psychotic at least once during their lifetime. Confining our 
examination to the Very greatest’ names, numbering seventy-eight in all, we 
find that more than 10% have been psychotic once during their lifetime; that 
more than 83% have been markedly psychopathic; that more than 10% have 
been slightly psychopathic; and that about 6.5% have been healthy. The pro¬ 
portion of diseased persons becomes a little greater still, if we select thirty-five 
persons who are regarded as ‘the greatest geniuses of all’: the psychotics number 
40%; the psychopathies more than 90%; the healthy 8.5%.” (p. 112) 

Lange-Eichbaum maintains, however, that “the following statements 
can be regarded as firmly established: 

1. Most geniuses have never been psychotic, but psychopathic. 

2. Very many of them, as psychopaths, have suffered from inward cleavage, 
from nervous tension; or they have been neurotic. 

3. Many of them also, as psychopaths, have been given to drink or drug-habits, 
and have exhibited fleeting and transient inclinations towards psychosis. 

4. Many of them, likewise upon a psychopathic basis, have manifested certain 
exceptional mental states to a very extreme degree: depravity, absent-mindedness, 
fancied wonderful happiness, a craze for creation, ecstasy, a preposterous convic¬ 
tion of inspiration, a crisis of conversion, etc. Such conditions have in many 
cases been wrongly classed as manifestations of declared insanity. 

5. In cases where there has been genuine psychosis, we by no means always find 
that there has been any causal connection between the psychotic disturbance and 
the creative activity; and often enough there has not even been a temporal coin¬ 
cidence.” (pp. 115-116) 

He then proceeds to group some of the best recognized geniuses in 
classes according to their type of mental disorder, beginning (p. 116) 
with “those who suffered from genuine psychosis.” The effect of the 
disorder on the individual’s work is pointed out. 

“Fame” is held to form the link between “genius” and “insanity,” 
Lange-Eichbaum concluding (p. 139) that on “at least three levels on 
the ladder of fame we find statistical evidence of the causal efficacy 
of morbid factors frequently influencing the relationship between the 
individual as he actually existed and his achievement, between achieve¬ 
ment and fame, and finally between fame and the harmony of genius.” 
He continues: 

"Almost everywhere, and especially in the subjective fields of imaginative 
writing, religion, and music, gifted ‘insanity’ gains the victory over simple, healthy 
talent. The psycho-pathological is an excellent pacemaker for talent. This 
does not signify that genius is itself ‘insane/ but that the mentally disordered 
person is more likely than the sane person to become famous, and that the 
fame of the mentally disordered person more often than the fame of the mentally 
healthy person leads to elevation to the rank of genius.” (p. 40) 
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In the final chapter, on “Genius and civilization,” Lange-Eichbaum 
demonstrates diagrammatically (p. 144) the various interrelationships 
between the four magnitudes of talent, fame, veneration for genius, 
and insanity. Intersecting lines divide the total area into 12 “fields,” 
comprising: 4 groups of genius, 4 of merely famous persons, and 4 of 
ordinary persons. There are 4 “abnormal” groups, as follows: 

(a) “psychopaths with exceptional gifts ” (Group 3) 

(b) “psychotic or markedly psychopathic persons devoid of exceptional talent 
but revered as saints or geniuses.” (Group 4) 

(c) “highly gifted psychopaths who have not yet or never will become famous 
(the road being barred for them in many cases by some particular characteristics 
of their psychopathy, for instance by extreme infirmity of will).” (Group 11) 

(d) “unlalented persons who suffer from mild or severe mental disorder.” 
(Group 12) 

Examples of each of the 12 groups are cited in the discussion. 

The conclusions of Lange-Eichbaum and others in the field of psy- 
chopathography are defended by Kloos (1931), who contends that 
determining the disease of an author does not diminish the cultural 
value of his work. Kloos emphasizes the need for an impartial in¬ 
vestigation of the psychological, biological, and social factors, and 
the need for the investigator to free himself from “hidden affective 
tendencies.” In hip article in Bumke’s “Handbuch” (1932), Biirger- 
Prinz (1932) voices the opinion that although the mentally diseased 
has many new experiences, he typically shows a lack of ability to ex¬ 
press them; only real artists like Holderlin and van Gogh can produce 
anything creative during acute psychosis. Biirger-Prinz discusses in 
detail the writings of the eminent schizophrenic writer, Julius Lang- 
behn, whose voluminous, aggressive, and obscene works were in¬ 
fluenced by Rembrandt. Willard (1929) gives a brief account, with¬ 
out references, of insanity, alcoholism, criminality, immorality, and 
similar traits among a number of famous persons in history. A large 
number of these persons were writers, painters, and musicians who 
were definitely pathological, the following having been committed or 
judged as insane by a physician: Ben Johnson, Swift, Shelley, Cowper, 
Southey, Schubert, Schumann, Poe, Richelieu, and Tacitus. 

Freedman (1932) emphasizes cultural and evaluative factors, point¬ 
ing out, “the insanity of one age has often proved to be the genius 
of its successor,” as is illustrated by impressionist painting, the music 
of Wagner, and fin-de-siecle literature. Pathological determination, 
he maintains, does not necessarily impair the value of a work of art. 
We must know what was intended by the artist before we can analyze 
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his works. The work of Bosch and of the various schools of modem 
art, especially dadaism, is discussed in this light. Del Greco (1935) 
considers various writings and intellectual works from which some 
diagnosticians tend to infer the insanity or psychodegeneration of the 
writers. He describes the method to be used for arriving, if possible, 
at a true diagnosis and the difficulties to be met if one does not wish 
to obtain results of little or no importance. The individual who 
writes very fantastic and weird tales may be normal in his social 
relations and in the practical activities of everyday life. In a much 
earlier work (1898), Del Greco discusses the insane and criminals 
in a number of famous literary masterpieces, and argues that their 
authors were similarly disordered. Eliasberg (1935) interprets the 
artistic drawings made by an 11-year-old boy while in a Jacksonian 
seizure as due to the lack of normal inhibition at such a time. He 
concludes that such cases seem to prove that the theories of the 
chronic exceptional state as a being sui generis and those of the actual 
inspirational state contain some measure of truth. 

Wize (1936) maintains that in language and science as well as in 
art, morals, and religion, psychopaths and schizophrenics sometimes 
develop ideas which are comparable to those of the genius in these 
fields. In fact, great poets and artists are frequently psychopathic. 
Various examples are cited to show the similarity between beliefs 
and statements of the insane and those of great intellectuals. Even- 
son (1936) emphasizes the need for investigation of the works of 
the schizophrenic artist before, during, and if possible after the on¬ 
set of his psychosis. It is suggested that such a thorough study of 
two Swedish artists, Ernest Josephson and Hill, be undertaken in 
a manner similar to that previously used by Evenson in the case of the 
Norwegian painter Hertervik and reported at the Helsingfors meeting 
of the Congress of Scandinavian Psychiatrists. Cazzamalli (1937) 
lists examples of visual and auditory hallucinations which have in¬ 
fluenced and guided the thought of poets, dramatists, painters, musi¬ 
cians, scholars, inventors, statesmen, and philosophers. A discussion 
of the resemblance between artistic genius and insanity from a 
strongly psychoanalytic point of view, is to be found in a recent paper 
by Levey (1940). 

Space will not permit a discussion of the literature dealing with case 
studies of individual eminent artists who displayed abnormal symp¬ 
toms at some time in their lives. Such a bibliography alone would 
include several thousand references. For material and references on 
this problem, the reader is again referred to the general sources men- 
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tioned in the opening paragraph of the present section, and especially 
to the work of Lange-Eichbaum (1928). 

Personality Traits and Artistic Ability 

In the present section we shall consider studies on the correlation 
between personality traits or disorders and artistic ability. No effort 
has been made to survey all of the scattered literature on this sub¬ 
ject; only representative studies directly relevant to the problem will 
be mentioned. Carroll (1932) reported an experiment in which 
University of Minn esota students were given the Meier-Seashore 
and McAdory art tests, the Bemreuter Personality Inventory, and 
the Bathurst Diagnostic Temperament Test (introversion-extrover¬ 
sion). The following correlations were obtained: 

Bathurst and Meier-Seashore . r = — .18 ± .070 (N = 79) 

Bathurst and McAdory . r = — .11 ± .070 (N = 87) 

Bemreuter IN (neurotic tendency) and 

Meier-Seashore . r = .08 ± .045 (N — 218) 

Bemreuter 4D (dominance-submission) and 

Meier-Seashore . r = .05 ± .045 {N = 218) 

Comparing the 10 highest and 10 lowest subjects on the Meier-Seashore 
gave no reliable difference on the B-1N or B-4D. In the light of the 
low correlations, Carroll concludes that the study lends no support to 
the current dogma that talent in art tends to be associated with per¬ 
sonality disorders. 

In a report on “The measurement of artistic abilities” prepared 
for the Carnegie Corporation, Kinter (1933) describes a study 
conducted by The Psychological Corporation in which Bemreuter 
blanks were filled out by 21 successful artists, a small percentage of 
those circularized. Average percentile scores in emotional instability 
(neurotic tendency), self-sufficiency, introversion-extroversion, and 
dominance-submission were all close to 60, the one in emotional 
stability being 57.0. The range within the group was very wide. 
Kinter concludes (p. 44), “the group is too small to warrant final 
conclusions, but the evidence tends to show that artists are not 
temperamentally unlike non-artistic persons, in spite of the contrary 
tradition. They differ among themselves more than they differ from 
unselected groups of people.” In a recent experiment by Sisson and 
Sisson (1940), college students of the highest (introverts) and lowest 
(extroverts) scoring levels on the third scale of the Bemreuter (B-3I) 
were given tests for attitudes toward music and poetry and a question- 
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naire designed to measure interest and training in art. Scores on 
the “aesthetic” scale of the Allport-Vernon Study of Values were also 
obtained. Little difference between the two original Bernreuter groups 
appeared in attitudes toward music, or in responses to the question¬ 
naire, although the introverts made a higher average aesthetic score 
on the Allport-Vernon than the extroverts. 

Farnsworth (1935) reports data collected to check the common be¬ 
lief that musicality is related to abnormality. Schoolchildren in the 
lower grades were rated on a 5-point scale for degree of effort, ad¬ 
justment to the teacher, adjustment to classmates, extent of dextrality, 
and normality of speech (3-point rating). Coefficients of contingency 
and critical ratios showed a tendency for those rated “good” in music 
to be given somewhat better than average ratings in other traits and 
to be normal in speech and handedness. In a follow-up study by 
the same investigator (Farnsworth 1938), teachers rated children on 
a 5-point scale for musical ability, drawing ability, effort, adjust¬ 
ment to teacher, adjustment to classmates, handedness, and speech 
defects. A total of 1169 boys and girls in the first 4 grades served 
as subjects. On the basis of contingency coefficients and comparison 
of extreme groups, Farnsworth concludes that children rated high 
in music or art ability were found to be significantly better adjusted; 
there was a slight tendency for them to be more right-handed and to 
have fewer speech troubles. The ratings were found to hold up 
reasonably well over the period of a year. 

It will be noted that all of the above results are primarily negative 
with respect to qualitative differentiation of the artist as a personality 
“type,” although this point of view is held by popular as well as by 
certain serious writers. Seashore (1939), for example, in his dis¬ 
cussion of the “musical temperament,” concludes that the “artistic 
temperament” is typical of great musicians. 

SUMMARY 

In the present survey, an attempt has been made to provide a con¬ 
densed picture of the field of artistic behavior in the abnormal, to 
view it in its general perspective, to indicate the various angles from 
which it may be approached, and to outline the major interrelation¬ 
ships between this field and other marginal fields or topics. This 
article represents the second in a series of literature surveys covering 
different aspects of the major field of artistic behavior in the abnormal. 
The first article of the series (Anastasi and Foley 1941a) deals with 
the historical and theoretical background; the third article (Anastasi 
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and Foley 1940b) is devoted to a more intensive survey of the litera¬ 
ture on spontaneous productions of the insane; while the fourth article 
(Anastasi and Foley 1941b) similarly surveys the purely experi¬ 
mental investigations. Further articles will be concerned with the 
literature on special related phenomena, such as “trance” or medium- 
istic drawings and prison art. Although all of these articles are 
autonomous, the series should logically be considered together and in 
sequence for a comprehensive treatment of the field of artistic be¬ 
havior in the abnormal. 

Three distinct approaches to the phenomena of insane art have been 
differentiated. In the artistic approach, the abnormal production is 
viewed as an object of aesthetic regard, as illustrated by the numerous 
exhibits of products by the insane in galleries throughout the world. 
Conferences and lectures by artists, art critics, and others have fre¬ 
quently accompanied such exhibits. In such cases, the primary con¬ 
cern has been with the aesthetic value of the work, as well as with 
the particular techniques used by the patient in the creation of novel 
and “interesting” effects, some of which resemble those characteristic 
of certain schools of art. In fact, art products by abnormal patients 
have frequently served as a source of inspiration for various artists. 
Opposed to the majority of writers, who enthusiastically acclaim the 
artistic value of abnormal products, is a small group of conservative 
critics who deplore the tendency to elevate insane art. 

A second approach to insane art is the psychiatric, which is in part 
concerned with the diagnostic value of the art product. Numerous 
claims have been made regarding the correlation between form of 
psychosis and characteristics of the drawing or other artistic product. 
There is considerable agreement among investigators in respect to such 
relationships in the case of certain syndromes, and to this extent 
such drawing characteristics can be employed as valid diagnostic in¬ 
dicators. The relationships are not so clear, however, in the case of 
other syndrome areas, where variability of drawing characteristics 
is large, so that considerable caution must be exercised in assigning 
diagnostic meaning to a given drawing peculiarity. Conclusions in 
this field are difficult to formulate with finality due to taxonomic 
differences and to lack of adequate empirical control. 

Apart from the use of artistic productions of the insane as purely 
diagnostic indices, there remains an additional psychiatric use, vie., 
their therapeutic value. This function of artistic production dates 
from ancient times, and includes almost every art form or medi um . 
Positive results are frequently reported, most of them in the case of 
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drawing, painting, or music therapy. Again, precise quantification 
is not available due to taxonomic differences and to inadequate con¬ 
trol data. 

The third or psychological approach to insane art may be charac¬ 
terized by its predominant emphasis upon the perceptual, imaginative, 
or other intellectual as well as emotional functions leading to the 
production of such art. The abnormal products are studied primarily 
for the light which they may throw upon the basic mechanisms of 
behavior. Such psychological investigations are summarized in detail 
by the writers in the third and fourth articles of the present series, 
dealing with observational studies of spontaneous productions (An- 
astasi and Foley 1940b) and with experimental investigations (An- 
astasi and Foley 1941b), respectively. Many of these studies, using 
group survey or intensive case study techniques, have been concerned 
with the “psychology of art,” i. e., with an attempt to understand 
artistic production. Other psychological studies, employing a more 
nearly experimental methodology, have been motivated by an interest 
in the better understanding of the mechanism of perception, associa¬ 
tion, and ideational processes. In this connection, special mention 
may be made of recent Gestalt studies on drawing as an index of per¬ 
ceptual disorders. Another group of psychological studies has made 
use of drawing scales in the testing of intellectual development and 
“deterioration.” The use of automatograph techniques and the ob¬ 
servation of automatic drawing and “doodling” in normal and ab¬ 
normal subjects, as well as in those in “trance” states and under the 
influence of insulin and other drugs, may also be included within the 
psychological approach. 

A number of writers have pointed out the resemblances between the 
artistic productions of the abnormal and those of primitive, child, 
“populistic,” and modem and fantastic art, as well as the art of par¬ 
ticular cultural groups. Frequent comparisons have been made with 
the works of early masters, such as Hieronymus Bosch, as well as 
with the modem schools of expressionism, futurism, cubism, vorticism, 
surrealism, and dadaism. Among the resemblances which have been 
pointed out in the comparison of insane art with one or more of the 
above-mentioned fields of art are symbolism, mingling of inscriptions 
and drawings, use of hieroglyphics, obscure insinuations, play on words 
and sound or affective associations, neologisms, intellectual realism, 
ideoplastic representation, stylization, condensation, poverty of repre¬ 
sentation, abstract rather than realistic nature, subjective rather than 
objective portrayal, autism or lack of ulterior purpose, egocentrism, 
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individualism, humanized portrayal of objects, schism of content and 
formal tendencies, lack of auto-criticism, incongruous phantasy, un¬ 
inhibited play, dissociation, distortion, absence of perspective, dispro¬ 
portion of hands and feet, “asyndesis” or poor integration, incoherence 
of forms, use of contradictory items, deformation and “dishumaniza- 
tion,” exaggeration of particular details, serious qualities mixed with 
gross errors, bizarre and affected characteristics, ambivalence, repeti¬ 
tion and perseveration, minuteness, imitation, lack of precision, lack 
of neatness, obscenity, sexual emphasis, avoidance of simple objects, 
arabesque tendencies, geometrical ornamentation and analysis, “man- 
dala” design, automatisms, portrayal of morbid characteristics, em¬ 
ployment of antithetical forms or colors or words, unusual use of 
color, attempts to obtain effects by use of spots, multiplication of 
elements to indicate motion, artificial division of the subject into 
different parts, and use of extraneous materials. A few investigators 
have called attention to the fact that although many such parallelisms 
can be found, there are likewise many outstanding differences, as, for 
example, the fact that the products in the various cases are the result 
of different etiological factors. 

Much of the literature dealing with the problem of genius and in¬ 
sanity in art is theoretical and speculative, while the remainder deals 
with case studies purporting to show the abnormality of recognized 
professional artists of varying degrees of eminence and popular 
acclaim. The view that genius and insanity are closely related dates 
from the early Greek and Roman writers, and has been championed 
by a number of more recent psychiatrists, philosophers, anthropol¬ 
ogists, and psychologists. The abnormalities reported range from 
peculiar mannerisms and eccentricities to more serious abnormal 
symptoms requiring institutionalization, and have been reported for 
all of the modes or forms of artistic expression. It is again apparent, 
however, that studies of the clinical histories of persons of genius 
showing abnormal symptoms represent selected cases, and that quanti¬ 
fication and control data in the field of psychopathography are dif¬ 
ficult to obtain. It has been pointed out, furthermore, that in a given 
case such a relationship between genius and insanity might be spurious 
and without causal significance. Some writers have also called atten¬ 
tion to the large number of men of genius who have showed no 
abnormal symptoms. 

The relatively few quantitative studies on the relationship between 
personality traits and artistic ability have yielded results which are 
primarily negative with respect to differentiation of the artist as a 
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distinct personality “type.” It will be noted that these results, based 
on the general population, are at variance with the popular view and 
with the view linking artistic genius with insanity, discussed above. 
Evidence for the latter theories has been obtained on highly selected 
cases, which fact doubtless accounts in part for the otherwise apparent 
discrepancy. 


REFERENCES 

Abramov, V. V. 

1910-1911. (An objective, psychological investigation of the creative and 
other intellectual functions of the insane.) Thesis, Imp. Military 
Acad. Med. St. Petersburg, no. 27. 1-316. 1910-1911. 

Ackerman, N. W. 

1937. Constructive and destructive tendencies in children. Am. Jour. 
Orthopsychiat. 7: 301-319. 1937. 

1938. Constructive and destructive tendencies in children; an experimental 
study. Am. Jour. Orthopsychiat. 8 : 265-285. 1938. 

Altshuler, I. M. 

1939. Rational music-therapy of the mentally ill. Music Teach. Nat. Assoc. 
Proc. 153-157. 1939. 

1940. One year’s experience with group psychotherapy. Ment. Hyg. 24: 
190-196. 1940. 

Alvarez, O. 

1937. Como responden los epilepticos a un estimulo musical. Bol. Inst. 
Psiquiat. 1: 179-184. 1937. 

Anastasi, A. 

1937. Differential psychology. N. Y.: Macmillan. 1-615. 1937. 
-; & Foley, J. P., Jr. 

1940a. The study of “populistic painters” as an approach to the psychology 
of art. Jour. Soc. Psychol. 11: 353-368. 1940. 

1940b. A survey of the literature on artistic behavior in the abnormal: III. 

Spontaneous productions. Psychol. Monog. 52 (6): 1-71. 1940. 
1941a. A survey of the literature on artistic behavior in the abnormal: I. 
Historical and theoretical background. Jour. Gen. Psychol. 25: July, 

1941. 

1941b. A survey of the literature on artistic behavior in the abnormal: IV. 
Experimental investigations. Jour. Gen. Psychol. 25: July, 1941. 
Andrews, J. B. 

1876. Asylum periodicals. Am. Jour. Insanity 33: 42-49. 1876. 

Anonymous 

1911. Insane asylum as the source of the coming craze in art. Current 
Literature 50: 505-310. 1911. 

1913. Art and insanity and pictures by lunatics. Current Opinion 55: 340. 
1913. 

1921a. Modem art as a form of dementia praecox. Current Opinion 71: 
81-82. 1921. 

1921b. Proving the painters insane. Literary Digest 69 (13): 26-27. 1921. 
1928. The art of insane patients. Science 67 (1727): xlviii. 1928. 



92 


ANNALS NEW YORK ACADEMY OF SCIENCES 


1929. Who’s loony now? Paintings of the insane compared with modem 
art. Literary Digest 102 (10): 21-22. 1929. 

1930. Music for the insane. Playground and Recreation 24: 234. 1930. 

1932. Is Nijinsky, the great dancer, crazy or not? The American Weekly 

(Syndicated Sunday Suppl.) June 26,1932 : 3. 

1936. Modem Museum a psychopathic ward as surrealism has its day. 
Art Digest 11 (6): 5-6. 1936. 

1937. Drawings likely to restore sanity to the great Nijinsky. Assoc. Press 
dispatch, London Nov. 25, 1937. 

1938a. Art and psychopathology: an exhibition jointly sponsored by the 
psychiatric division of Bellevue Hospital and the Federal Art Project 
of the W. P. A. N. Y.: Federal Art Project, W. P. A. 1938. 1-9. 
1938b. U. S. Government and Bellevue Hospital exhibit art of insane patients. 

Life 5 (17): 26-27. 1938. 

1938c. Insane art. Life 5 (20): 7. 1938. 

1938d. Psychiatric patients to present art show. New York Times, Sunday 
Oct. 23, 1938. 

1938e. Insanity in art. Time 32 (19): 48. 1938. 

1940a. Nijinsky at last shocked out of his strange twilight world? The 
American Weekly (Syndicated Sunday Suppl.) Jan. 7, 1940: 7. 

1940b. Sanity in art. Art Digest 15 (1): 18. 1940. 

1940c. Art work found mental remedy. Assoc. Press dispatch, Cincinnati, 
Ohio May 24, 1940. 

Antheaume, A.; & Dromard, G. 

1908. Podsie et folie. Paris: Doin. 1-650. 1908, 

Appel, K. £. 

1931. Drawings of children as aids to personality studies. Am. Jour. 
Orthopsychiat. 1: 129-144. 1931. 

Arundel, R. M. 

1937. Everybody’s pixillated: a book of doodles. Boston: Little, Brown. 
1-108. 1937. 

Aschaffenburg, G. 

1915. Allgemeine Symptomatology der Psychosen. Handb. Psychiatrie. 
Leipzig & Vienna: Dentike. 119-464, 1915. 

Audiy, J. 

1924. La folie dans Tart. Lyon Mdd. 134: 631-634. 1924. 

Ballet, G. 

1903. TVaitd de pathologic mentale. Paris: Doin. 1-1600. 1903. 

Barr, A. H., Jr. 

1936. Fantastic art, dada, surrealism. N. Y.: Museum of Modem Art. 
1-248. 1936. 

Baudouin, C. 

1924. Psychoanalysis and aesthetics (transl. by E. and C. Paul). London: 

Allen & Unwin. 1-328. 1924. 

1929. Psychoanalyse de l’art. Paris: Alcan. 1-274. 1929. 

Baynes, H. G. 

1940. Mythology of the soul; a research into the unconscious from schizo¬ 
phrenic dreams and drawings. Baltimore: Williams & Wilkins. 
1-924. 1940. 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 93 


Becker, P. E. 

1934. Das Zeichnen Schizophrener. Zeit. ges. Neurol. Psychiat. 149: 
433-489. 1934. 

Bender, L. 

1937a. Art and therapy in the mental disturbances of children. Jour. Nerv. 
Ment. Dis. 86 : 249-263. 1937. 

1937b. Group activities on a children’s ward as methods of psychotherapy. 

Am. Jour. Psychiat. 93: 1151-1170. 1937. 

1938. A visual motor Gestalt test and its clinical use. Res. Monog. Am . 
Ortho-Psychiat. Assoc, no. 3. 1-176. 1938. 

---; & Woltmann, A. G. 

1936. The use of puppet shows as a psychotherapeutic method for behavior 
problems in children. Am. Jour. Orthopsychiat. 6 : 341-354. 1936. 

1937. The use of plastic material as a psychiatric approach to emotional 
problems in children. Am. Jour. Orthopsychiat. 7 : 283-300. 1937. 

Berrien, F. K. 

1935. A study of the drawings of abnormal children. Jour. Educ. Psychol. 
26: 143-150. 1935. 

Berthier,- 

1864. La musique et la folie. Jour. M&L Ment. 4 : 304-315. 1864. 
Bertschinger, H. 

1911. Illustrierte Halluzinationen. Jahrb. Psychoanal. psychopathol. Forsch. 
3: 69-100. 1911. 

Birber, J. 

1931. Die Stellung des Hilfsschulkindes zur Musik. Hilfsschule 9: 558-562. 
1931. 

Bimbaum, K. 

1920. Psychopathologische Dokumente: Selbsterkenntnisse und Fremdzeug- 
nisse aus dem seeligschen Grenzlande. Berlin: Springer. 1-322. 1920. 
Blaschke, J. 

1909. Geisteskranke Tonkiinstler. Neue Musik-Zeitung 30 (22): 474-476. 
1909. 

Bleuler, P. E. 

1911. Dementia praecox oder Gruppe der Schizophrenien. In Aschaffen- 
burg, G. Handbuch der Psychiatrie. Leipzig & Vienna: Dentike. 
1-420. 1911. 

Bolgar, H.; & Fischer, L. 

1940. The toy test: a psychodiagnostic method. Psychol. Bull. 37: 517-518. 
1940. 

Bonvidni, G. 

1929. Die Storungen der Lautsprache bei Temporallappenlasionen. Eandb. 
Neurol. Ohres 2 ( 2): 1571-1868. 1929. 

Borja, A. J. 

1938. Iconographfa esquizofr6nica. Rev. Neuro-Psiquiat. 1: 551-569. 1938. 
Brierre de Boismont, A. 

1860. De la musique dans les asiles d’alienSs, et des concerts de la Senavra 
et de Quatre-Mares. Ann. M4d.-Psychol. 6: 607-612. 1860. 

Brill, A. A. 

1931. Poetry as an oral outlet. Psychoanal. Rev. 18: 357-378. 1931. 



94 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Browne, R. 

1729. Medicina musica, or a mechanical essay on the effects of singing, 
musick and dancing on human bodies; revised and corrected, to which 
is annexed a new essay on the nature and cure of the spleen and 
vapours. London: Cooke. 1-125. 1729. 

Biirger-Prinz, H. 

1932. t)ber die kiinstlerischen Arbeiten Schizophrener. In Bumke, 0. Handb. 
Geisteskrankheiten. Berlin: Springer. 9(Spec. Pt. 5): Schizophrenia 
668-704. 1932. 

Bumke, O. 

1932. Handbuch der Geisteskrankheiten. Berlin: Springer. 9(Spec. Pt. 
5): Schizophrenia 1-783. 1932. 

Burt, C. 

1921. Mental and scholastic tests. London: King. 1-432. 1921. 

Bychowski, G. 

1922. Autismus und Regression in modemen Kunst bestrebugen. Allg. 
Zeit. Psychiat. 78: 102-121. 1922. 

Cabanes, A. 

1895-1900. Le cabinet secret de lliistoire, entr’ouvert par un m£decin. 
Paris: Charles. 4 vols. 1895-1900. 

1920. Lliistoire 6clair6e par la clinique. Paris: Michel. 1-320. 1920. 

1924. Les indiscretions de lliistoire. Paris: Michel, 6 vols. 1924. 

1930-1935. Grands n£vropathes, malades immortels. Paris: Michel. 3 vols. 
1930-1935. 

1938. Autour de la vie de Bohfeme. Paris: Michel. 1-383. 1938. 

Cameron, N. 

1938. Individual and social factors in the development of graphic symboliza¬ 
tion. Jour. Psychol. 5: 165-184. 1938. 

Candela Ardid. 

187-? La musica como medio curativo de las enfermedades nerviosas. 
Madrid: Editorial gr&fica espanola. 1-124. 187-? 

Capgras, J. 

1911. ficrits et po5sies d’une d6mente precoce. Enc6phale 6 : 474-486. 1911. 
CarroU, H. A. 

1932. A preliminary report on a study of the relationship between ability 
in art and certain personality traits. School and Society 36: 285-288. 
1932. 

Cazzamalli, F. 

1937. Le allucinazioni creative. Giom. Psicol. Neuropat. 3 : 336-344. 1937. 
Champfleury (Fleury, J.) 

1856. Les excentriques. Paris: Michel L6vy Freres. 1-346. 1856. 

Chizh, V. F. 

1896. (Intellectual feelings in the mentally diseased.) Nevrol. Vestnik 
(Kazan) 4 (1): 27-52; (2): 69-88; (3): 1-18. 1896. 

Chomet, H. 

1874. Effets et influence de la musique sur la sant6 et sur la maladie. 
Paris: German-Balliere. 1-256. 1874. 

Claude, H.; & Masquin, P. 

1934. L’evolution du dessin chez un paralytique general avant et apres 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 95 


malariath6rapie. Contribution a l’6tude de Taction des traitments 
actuels de la paralysie generale. Ann. Med-psychol. 92: 356-374. 
1934. 

Colucci, C. 

1931. Appunti di un neurologo sulla considetta arte modema. Cimento 
(85): 1-10. 1931. 

Critchley, M. 

1937. Musicogenic epilepsy. Brain 60: 13-27. 1937. 

Curran, F. J. 

1939a. Organization of a ward for adolescents in Bellevue Psychiatric 
Hospital. Am. Jour. Psychiat. 95: 1365-1388. 1939. 

1939b. Art techniques for use in mental hospitals and correctional institu¬ 
tions. Ment. Hyg. 23 : 371-378. 1939. 

-; & Schilder, P. 

1940. Problemas de la infancia y adolescencia. Index Neurol. Psiquiat. 2: 
135-145. 1940. 

1940-1941. A constructive approach to the problems of childhood and adoles¬ 
cence. Jour. Crim. Psychopath. 2: 125-142, 305-320. 1940-1941. 

Curry, M. 

1937. Tales told in finger paint. School Arts 37: 88-90. 1937. 

Dantas, J. 

1900. Pintores e poetas de Rilhafolles. A Med. Contemp. II. 3: 220-221. 
1900. 

Davidson, M. 

1936. Surrealism from 1450 to Dada and Dali. The Art News 35 (11): 
11-13,22. 1936. 

Davison, J. T. R. 

1899. Music in medicine. Lancet 2: 1159-1162. 1899. 

Delacroix, H. J. 

1927. Psychologie de Tart. Paris: Alcan. 1-481. 1927. 

Delepierre, J. O. 

1860. Histoire littfoaire des fous. London: Triibner. 1-184. 1860. 

Delgado, H. 

1922. El dibujo de los psicopatos. Lima. 1-26. 1922. (abstr. by O. Pfister, 
Zbl. ges. Neurol. Psychiat. 37 : 339-340. 1924.) 

Del Greco, F. 

1898. Pazzi e delinquents nelle opere d’arte. Boll. Manieomio Prov. Ferrara 
26 : 8-15. 1898. 

1935. Mentalita e psicopatie. Ann. Osp. Psichiat. Perugia 29: 1-12. 1935. 
Demonchy, L. 

1912. La valeur thdrapeutique de la musique. Aesculape 2: 42-45. 1912. 
Despert, J. L. 

1936-1938. Technical approaches used in the study and treatment of emo¬ 
tional problems in children. Psychiat. Quart. 10: 619-638; 11: 111— 
130, 267-295, 491-506, 677-693; 12: 176-194. 1936-1938. 

1938. Emotional problems in children, Utica, N. Y.: State Hospitals Press. 
1-128. 1938. 



ANNALS NEW YORK ACADEMY OF SCIENCES 


Diserens, C. M. 

1926. The influence of music on behavior. Princeton: Princeton Univ. Press. 
1-224. 1926. 

- ; & Fine, H. 

1939. A psychology of music: the influence of music on behavior. Cin¬ 
cinnati: Authors. 1-405. 1939. 

Dixon, H. 

1899. Music and medicine considered from a physiological, pathological, 
and therapeutical standpoint. Lancet 77 ( 2): 1815. 1899. 

Drewry, P. H. 

1936. Finger-painting. Monthly Bull. N. Y. State Assoc. Occup. Therapists 
7 ( 8): 8-11. 1936. 

Dupre, E.; & Nathan, M. 

1911. Le langage musical; etude m&lico-psychologique. Paris: Alcan. 
1-197. 1911. 

Earl, C. J. C. 

1933. The human figure drawings of feebleminded adults. Jour. Psychoasth. 
38: 107-120. 1933. 

Edelston, H. 

1939. The analysis and treatment of a case of neurotic conduct disorder 
in a young child illustrating the value and use of drawing in child 
guidance technique. Jour. Ment. Sci. 85 : 522-547. 1939. 

Eliasberg, W. 

1935. Ausdruck oder Bewegung im kunstlerischen Schaffen? Zeit. Kinder- 
psychiat. 2: 83-86. 1935. 

Elson, L. C. 

1892. The realm of music; a series of musical essays, chiefly historical 
and educational. Boston: New England Conservatory of Music. 
1-314. 1892. 

Emery, M. 

1929. Color in occupational therapy. Occup. Therap. Rehab. 8: 421-433. 
1929. 

Engerth, G. 

1933. Zeichenstorungen bei Patienten mit Autotopagnosie. Zeit. ges. Neurol. 
Psychiat. 143 : 381-402. 1933. 

-; Hoff, H.; & Potzl, O. 

1935. Zur Patho-Physiologie der hemianopischen Halluzinationen. Zeit. ges. 
Neurol. Psychiat. 152 : 399-421. 1935. 

& Urban, H. 

1933. Zur Kenntnis der gestorten kunstlerischen Leistung bei sensoriseher 
Aphasie. Zeit. ges. Neurol. Psychiat. 145: 753-789. 1933. 

English, W. H. 

1936. Treatment of behavior disorders in children. Psychiat. Quart. 10: 
45-71. 1936. 

Erickson, M. H.; 2s Kubie, L. S. 

1938. The use of automatic drawing in the interpretation and relief of a 
state of acute obsessional depression. Psychoanal. Quart. 7: 443-466. 
1938. 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 97 


Ernst, M. G. 

1940. A psychotherapeutic approach to schizophrenia. Jour. Ment. Sci. 
86 : 668-674. 1940. 

Evarts, A. B. 

1918. A lace creation revealing an incest phantasy. Psychoanal. Rev. 5: 
364-380. 1918. 

Evenson, H. 

1936. Psychiatrie und schaffende Kunst. Acta psychiat. 11: 465-467. 1936. 
Fanta, O. 

1938. Der Schriftausdruck der asozialen und antisozialen Jugendlichen. 
Graphologia 1: 50-66. 1938. 

Farnsworth, P. R. 

1936. Musicality and abnormality. Psychol. Bull. 32: 737. 1935. 

1938. Ratings in music, art, and abnormality, in the first four grades. 
Jour. Psychol. 6: 89-94. 1938. 

Fay, H. M. 

1912, Reflexions sur Tart et les alidnSs. Aesculape 2 : 200-204. 1912. 

Felber, E. 

1933. New approaches to primitive music: the music of infants, neurasthenics 
and paranoiacs, drunkards and deafmutes (transl. by T. Baker). 
Music Quart. 19: 288-302. 1933. 

Ferenczy, J. 

1936. Parallele zwischen den Handarbeiten weiblicher Geisteskranken und 
der Volkskunst (in Hughlings Jackson Memorial Volume, Ladislaw 
Benedek, ed.). Hungary: Clinic for Nervous and Mental Diseases, 
Debricen. no. 52. 1-21. 1935. 

Fernandes, G. 

1933. Surrealismo e esquizofrenia. Arch. Assist. Psicopat. Pernambuco 3: 
140-150. 1933. 

Fleming, J. 

1940. Observations on the use of finger painting in the treatment of adult 
patients with personality disorders. Character and Pers. 8: 301-310. 
1940. 

Folly, —. 

1933. iStude psychologique de Tinspiration poetique eonsideree comme la 
persistance d’un etat imaginatif infantile. Jour. Beige Neurol. 
Psychiat. 33: 123-126. 1933. 

Fontes, V. 

1938. (Drawing and writing in psychiatric diagnosis.) Clin. Hig. Hidrol. 
May 1938. 

Freedman, B. 

1932. The psychiatry of ultraism. Am. Jour. Psychiat. 12: 347-354. 1932. 
Freeman, M. 

1936. Drawing as a psychotherapeutic intermedium. Jour. Psychoasth. 
41: 182-187. 1936. 

Freud, A. 

1928. Technic of child analysis (transl. by L. P. Clark). Nerv. Ment. Dis. 
Monog. no. 48. 1-69. 1928. 



98 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Freud, S. 

1927. Totem and taboo: resemblances between the psychic lives of savages 
and neurotics (transl. by A. A. Brill). N. Y.: New Republic, Inc. 
1-281. 1927. 

Garfinkle, I* 

1939. Art teaching in Bellevue Psychiatric Hospital. Psychologists League 
Jour. 3: 37-38. 1939. 

Gamier, £. 

1894. Essai sur les Merits des alienes. Thesis in medicine, Univ. Paris no. 36. 
Paris: Ollier-Henry. 1-97. 1894. 

Germain, P. 

1928. La musique et la psychanalyse. Rev. Frangaise Psychanal. 2: 751- 
792. 1928. 

Gitelson, M. 

1938. Clinical experience with play therapy. Am. Jour. Orthopsychiat. 8: 
466-478. 1938. 

Goodenough, F. L. 

1926. Measurement of intelligence by drawings. Yonkers: World Book Co. 
1-177. 1926. 

1928. Studies in the psychology of children's drawings. Psychol. Bull. 25: 
272-283. 1928. 

Griffiths, R. 

1936. A study of imagination in early childhood and its function in mental 
development. London: Kegan Paul. 1-367. 1935. 

Gutheil, E. 

1935. Musical day-dreams. Psychoanal. Rev. 22 : 424-431. 1936. 

1939. The language of the dream. N. Y.: Macmillan. 1-286. 1939. 
Gutierrez-Noriega, C. 

1940. Significado de los dibujos en la historia de un esquizofrdnico. Rev. 
Neuro-Psiquiat. (Lima) 3 : 355-392. 1940. 

Gy&rf&s, K. 

1939. Disturbances of drawing in hypoglycemia. Confin. Neurol. 2: 148- 
160. 1939. 

Hadden, J. C. 

1896. Music as a medicine. Music 9: 359-368. 1896. 

Haberlin, P. 

1916. Symbol in der Psychologie und Symbol in der Kunst. Bumplitz: 
Buch- und Kunstdrucnerei Benteli. 1-32. 1916. 

Hamilton, A. M. 

1918. Insane art. Scribner’s Mag. 63: 484-492. April, 1918. 

Harms, E. 

1939. The psyehotherapeutica! importance of the arts. Occup. Therap. 18: 
235-239. 1939. 

1940. Kinderkunst als diagnostisches Hilfsmittel bei infantilen Neurosen. 
Zeit. Kinderpsychiat. 6: 129-143. 1940. 

Harrington, A. H. 

1939. Music a s a therapeutic aid in a hospital for mental diseases. Ment. 
Hyg. 23 : 601-609. 1939. 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 99 


Harting, J. W. 

1919. Music takes first place in reconstruction work. Modem Hospital 12: 
404-406. 1919. 

Head, H. 

1926. Aphasia and kindred disorders of speech. Cambridge: Cambridge 
Univ. Press. 1: 1-549; 2: 1-430. 1926. 

Hedenberg, S. 

1938 Van Gogh. Om hans sjukdom och konst. Svenska Lakartidn. 35: 
510-524. 1938. 

Henry, G. W. 

1925. Essentials of psychiatry. Baltimore: Williams & Wilkins. 1-199. 
1925. 

Henssge, E. 

1927. Die Wirkung der Musik auf Kranke mit psychischen und nervosen 
Storungen, Psychol. Med, 2: 214-222. 1927, 

Heyer, G. R. 

1929. Klinische Analysen von Handzeichnungen Analysierter. In Leitsatze 
der Vortrage und Referate des TV Allgemeinen arztlichen Kongresses 
fur Psychotherapie in Bad Nauheim vom 12-14, April, 1929. Allg. 
arzt. Zeit. Psychotherap. psych. Hyg. 2: 137-138. 1929. 

1933. The organism of the mind: an introduction to analytical psycho¬ 
therapy (transl. by E. and C. Paul). London: Kegan Paul, Trench, 
Trubner. 1-271. 1933. 

Hickson, W. J. 

1913-1915. The mental finger print. Municipal Court Chicago, 8th and 
9th Ann. Rep. 1-21, 42-48. 1913-1915. 

Hildebrandt, K. 

1920. Norm und Entartung des Menschen. Dresden: Sibyllen-Verlag. 
1-293. 1920. 

Hinrichs, W. E. 

1935. The Goodenough drawing test in relation to delinquency and problem 
behavior. Arch. Psychol, no. 175. 1-S2, appendix. 1935. 

Himichsen, O. 

1911. Zur Psycbologie und Psychopathologie des Dichters Wiesbaden. 

Grenzfr. Nerven. Seelenlebens. no. 80. 1-95. 1911. 

1932. Produktion und Neurose. Zeit. ges. Neurol. Psychiat. 142: 712-720. 
1932. 

Hutter, A. 

1934. Het wereldbeeld der schizophrenen en hun kunst. Nederl. tijdschr. 
geneesk. 78: 1306-1323. 1934. 

Hyslop, T. B. 

1911. Post-illusionism and art in the insane. Nineteenth Century and After. 
69: 270-281. February 1911. (Reprinted in The Art World 1: 34-38. 
October 1916.) 

1924. The borderland. London: Allan, 1-310. 1924. 

1925. The great abnormals. London: Allan. 1-289. 1925. 

1927. Mental handicaps in art. London: Balli&re, Tindall, & Cox. 1-98. 
1927. 



100 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Isaacs, S. 

1930. Intellectual growth in young children. N. Y.: Harcourt, Brace. 1- 
370. 1930. 

Jacobsen, A. C. 

1909. The pathologic in art. Med.-Pharm. Critic Guide 12: 321-335. 1909. 
1926. Genius. N. Y.: Greenberg. 1-160. 1926. 

James, M. L. 

1939. Releasing curative values in the unconscious through the finger tips. 
Occup. Therap. 18 : 253-260. 1939. 

Janota, O. 

1924. (Art in the insane.) Casop. 14k. cesk. (Praha) 63: 262-267, 308-318. 
1924. 

Jaspers, K. 

1926. Strindberg und van Gogh. Berlin: Springer. 1-151. 1926. 

Jung, C. G. 

1920. Collected papers on analytical psychology (transl. by C. E. Long). 
Ed. 2. London: Bailliere, Tindall & Cox. 1-492. 1920. 

Kalms, M. A. 

1931. Music in mental hospitals. Occup. Therap. Rehab. 10: 381-385. 1931. 
Karpov, P. L 

1926. (The creative activity of the insane and its influence on the develop¬ 
ment of science, the arts and technics.) Ed. Monog. Moscow: First 
Exemplary Typography, Sovereign Pub. 1-199. 1926. 

Katzoff, S. L. 

1921. Music—an aid to health. Nat. Eclectic Med. Assoc. Quart. 13: 135- 
137. 1921. 

Kempf, E. J. 

1920. Psychopathology. St. Louis: Mosby. 1-762. 1920. 

Kerchensteiner, D. G. 

1905. Die Entwickelung der zeichnerischen Begabung. Munich: Gerber. 
1-508. 1905. 

Kerr, M. 

1937. Children’s drawings of houses. Brit. Jour. Med. Psychol. 16: 206- 
218. 1937. 

Kerschbaumer, L. 

1939. Art and mental health. Avocations 4 (3): 165-166. 1939. 

1940. Poetry in schizophrenia and other psychoses. Jour. Nerv. Ment. 
Dis. 91: 141-156. 1940. 

Kiernan, J. G. 

1886. Genius not a neurosis. Neurol. Rev. 1: 212-217. 1886. 

1887. Genius not a neurosis. Alienist and Neurol. 8 : 341-349. 1887. 

1892a. Is genius a neurosis? Alienist and Neurol. 13: 119-150. 1892. 

1892b. Art in the insane. Alienist and Neurol. 13: 244-275,684-697. 1892. 

Kihn, B.; 8s Luxemburger, H. 

1940. Die Schizophrenic. In Gutt, A., Handbuch fur Erbkrankheiten. 
Leipzig: Thieme 2: 1-336. 1940. 

Kinter, M. 

1933. The measurement of artistic abilities. N. Y.: The Psychological 
Corporation. 1-90. 1933. 



ANASTAS! AND FOLEY: BEHAVIOR OF THE ABNORMAL 101 


Klages, L. 

1935. Grundlegung der Wissenschaft vom Ausdruck. Leipzig: Barth. 1- 
361. 1935. 

Klein, M. 

1937. The psychoanalysis of children (transl. by A. Strachey). Ed. 2. 
London: Hogarth Press. 1-393. 1937. 

Kleist, K. 

1922-1934. Kriegsverletzungen des Gehim in ihrer Bedeutung fiir die Him- 
lokalisation und Himpathologie. Handbuch der Arztlichen Erfahrun- 
gen im Weltkriege 1914-1918. Leipzig: Barth. 4: 342-1416. 1922- 
1934. 

Kloos, G. 

1931. Zur psychiatrischen Kritik schopferischer Leistungen. Zeit. ges. 
Neurol. Psychiat. 137: 362-372. 1931. 

Korzybski, A. 

1933. Science and sanity: an introduction to non-Aristotelian systems and 
general semantics. Lancaster, Pa.: Science Press. 1-798. 1933. 

Koster, R. 

1903. Die Schrift bei Geisteskranken. Leipzig: Barth. 1-169. 1903. 
Kretschmer, £. 

1934. A text-book of medical psychology (transl. by E. B. Strauss). Lon¬ 
don: Oxford Univ. Press. 1-274. 1934. 

Kris, E. 

1936. Bemerkungen zur Bildnerei der Geisteskranken. Imago 22 : 339-370. 
1936. 

Kunzel, W. 

1920. Kubismus und Geisteskrankheit. Arch. Psychiat. 62 : 395-407. 1920. 
Kiirbitz, W. 

1912. Die Zeichnungen geisteskranker Personen. Zeit. ges. Neurol. Psychiat. 
13: 153-182. 1912. 

Lange-Eichbaum, W. 

1928. Genie, Irrsinn und Ruhm. Munich: Reinhardt. 1-498. 1928. 

1932. The problem of genius (transl. by E. and C. Paul). N. Y.: Mac¬ 
millan. 1-187. 1932. 

Langfeld, H. S. 

1936. The place of aesthetics in social psychology. Brit. Jour. Psychol. 
27: 135-147. 1936. 

Laurent, A. 

1860. Quelques observations relatives k Tinfluence qu’exercise la musique 
sur les ali6n&. Ann. M6d.-Psychol. 6: 331-336. 1860. 

Lauzit, C. 

1888. Apergu g6n&al sur les Merits des ali6n6s. Thesis in medicine, Univ. 
Paris, no. 351. Paris: Ollier-Hemy. 1-68. 1888. 

Legrim, A. 

1930. Ein Fall von geringer Schriftbildkonstanz als Zeichen psychopathischer 
Veranlagung. Zeit. Kinderforsch. 38 (4). 1930. 

Lehel, F. 

1926. Notre art dement; quatre 6tudes sur Tart pathologique. Paris: 
Jonqui&res. 1-122. 1926. 



102 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Lelut, F. 

1836. Du d£mon de Socrate, specimen d’une application de la science psy- 
chologique & celle de lhistoire. Paris: Trinquart. 1-363. 1836. 

1846. L’amulette de Pascal, pour servir a lhistoire des hallucinations. 
Paris: Bailliere. 1-371. 1846. 

Levey, H. B. 

1940. A theory concerning free creation in the inventive arts. Psychiat. 3: 
229-293. 1940. 

Levy, J. 

1934. The use of art techniques in treatment of children’s behavior problems. 
Jour. Psychoasth. 39 : 258-260. 1934. 

Lewinson, T. L. 

1940. Dy nami c disturbances in the handwriting of psychotics. Am. Jour. 
Psychiat. 97: 102-135. 1940. 

Lewis, N. D. C. 

1925. The practical value of graphic art in personality studies. (1. An 
introductory presentation of the possibilities.) Psychoanal. Rev. 12: 
316-322. 1925. 

1928. Graphic art productions in schizophrenia. Proc. Assoc. Res. Nerv. 
Ment. Dis. for 1925. 5 : 344-368. 1928. 

Lips, J. E. 

1937. The savage hits back. New Haven: Yale Univ. Press. 1-254. 1937. 
Liss, E. 

1936. Play technique in child analysis. Am. Jour. Orthopsychiat. 6: 17- 
22. 1936. 

1938. The graphic arts. Am. Jour. Orthopsychiat. 8 : 95-99. 1938. 

Lombroso, C. 

1887. Genie und Irrsinn (transl. by A. Courth). Leipzig: Reclam. 1-434. 
1887. 

1895a. Grafologia. Milano: Hoepli. 1-245. 1895. 

1895b. The man of genius. London: Scott. 1-370. 1895. 

1907. Studien iiber Genie und Entartung (transl. by E. Jentsch). Leipzig: 
Reclam. 1-256. 1907. 

Lyle, J.; & Shaw, R. F. 

1937. Encouraging fantasy expression in children. Bull. Menninger Clin. 
1:78-86. 1937. 

Maday, W. S.; Guttman, E.; & Mayer-Gross, W. 

1938. Spontaneous drawings as an approach to some problems of psycho¬ 
pathology. Proc. Roy. Soc. Med. 31: 1337-1350. 1938. 

Malcolmson, D. 

1938. Paint your bogey man. Coronet 4: 98-103. 1938. 

Mandolini, H. 

1933-1934. Patologia del sentimiento estGtico. Arch. Argent. Psicol. Norm. 
Patol. 1: 61-64. 1933-1934. 

Mandowsky, A. 

1934. Beitrage zur vergleichend-psychologischen Untersuchung iiber die 
Handschrift. Arch. ges. Psychol. 91: 49-96. 1934. 

Marc£, L. Y. 

1864a. De la valeur des ecrits des alien6s. Jour. M5d. Ment. 4: 85-95, 
189-203. 1864. 



ANASTAS1 AND FOLEY: BEHAVIOR OF THE ABNORMAL 103 


1864b. De la valeur des Merits des ali4n.4s au point de vue de la semiologie 
et de la m&lecine 16gale. Paris: Balliere. 1-31. 1864 (reprinted 
from Ann. d'hygi&ne publ. med. legale Et. 21: 379-408. 1864). 

Marie, A. 

1929. L’art et la folie. Rev. Scient. 67 : 393-398. 1929. 

1931. L’expression artistique chez les alien6s. Arch. Intemat. Neurol. 50: 
211-212. 1931. 

-; & Pailhas, —. 

1912. Sur quelques dessins de dements pr6coces. Bull. Soc. Clin. M6d 
Ment. 5: 311-319. 1912. 

1913. Dessins curieux de d&nents pr4coces. Arch. Intemat. Neurol. 35: 
51. 1913. 

Marro, G. 

1915. Arte primitiva e arte paranoica. Giom. R. Accad. Med. Torino 78: 
268-269. 1915. 

Maudsley, H. 

1895. The pathology of mind: a study of its distempers, deformities, and 
disorders. London: Macmillan. 1-571. 1895. 

Mayer-Gross, W.; & Guttman, E. 

1937. Schema for the examination of organic cases. Jour. Ment. Sci. 83: 
440-451. 1937. 

McIntosh, J. R. 

1939. An inquiry into the use of children’s drawings as a means of psycho¬ 
analysis. Brit. Jour. Educ. Psychol. 9: 102-103. 1939. 

hfeese, A H. 

1930. Music, physical exercise and recreation in mental diseases. Occup. 
Therap. Rehab. 9 : 27-32. 1930. 

Mendelssohn, A. 

1938. Graphologie und Psychoanalyse. Graphologia 1: 20-40. 1938. 
Mendenhall, G. S. 

1940. The influence of the arts on the lives of handicapped children. Jour. 
Except. Child. 7: 11-19. 1940. 

Merzbach, A. 

1930. Symbolische Selbstzeichnungen aus der Psychose eines Jugendlichen 
und ihre Verwertbarkeit. Zeit. ges. Neurol. Psychiat. 127: 240-251. 
1930. 

Mette, A* 

1928. tlber Beziehungen zwischen Spracheigentumlichkeiten Schizophrener 
und dichterischer Produktion. Dessau: Dion-Verlag Liebmann und 
Mette. 1-97. 1928. 

Mobius, P. J. 

1901. Stachyologie. Weitere vermischte Aufsatze. Leipzig: Barth. 1-219. 
1901. 

1903-1907. Ausgewahlte Werke. Leipzig: Barth. 8 vols. 1903-1907. 

Mohr, F. 

1906-1907. t)ber Zeichnungen von Geisteskranken und ihre diagnostiche 
Verwertbarkeit. Jour. Psychol. Neurol, 8: 99-140. 1906-1907. 
1908-1909. Zeichnungen von Geisteskranken. Zeit. angew. Psychol. 2: 291- 
300. 1908-1909. 



104 


ANNALS NEW YORK ACADEMY OF SCIENCES 


1925. Psychophysische Behandlungsmethoden. Leipzig: Hirzel. 1-493. 
1925. 

Moreau de Tours, J. 

1859. La psychologie morbide, dans ses rapports avec la philosophic' de 
Thistoire, ou de I’influence des n£vropathies sur le dynamisme in- 
tellectuel. Paris: Librairie Victor Masson. 1-576. 1859. 

Morgenstem, S. 

1939. Le symbolisme et la valeur psychoanalytique des dessins infantiles. 
Rev. fran$. Psychoanal. 11: 39-48. 1939. 

Morgenthaler, W. 

1921. Bin Geisteskranker als Kiinstler. Arbeit, angew. Psychiat. 1: 1-126. 
1921. 

Morselli, £. 

1885-1894. Manuale di semejotica delle malattie mentali. Guida alia 
diagnosi della pazzia per i medici, i medici-legisti e gli studenti. 
Milano: Vollardi, 1: 1-438. 1885 ; 2: 1-852. 1894. 

Mosse, E. P. 

1940. Painting-analysis in the treatment of neuroses. Psychoanal. Rev. 
27 : 65-82. 1940. 

Muhl, A. M. 

1930. Automatic writing. Leipzig & Dresden: Steinkopff. 1-214. 1930. 
Miiller-Freienfels, R. 

1921. Poetik. Leipzig & Berlin: Teubner. 1-105. 1921. 

Nacke, P. 

1913. Einige Bemerkungen bezwischen der Zeiehnungen und anderer kunst- 
leriseher Ausserungen von Geisteskranken. Zeit. ges. Neurol. Psychiat. 
17: 453-473. 1913. 

Nijinsky, R. 

1934. Nijinsky. N. Y.: Simon & Schuster. 1-447. 1934. 

1936. The diary of Vaslav Nijinsky. N. Y.: Simon & Schuster. 1-187. 
1936. 

Nisbet, J. F. 

1912. The insanity of genius. N. Y.: Scribners. 1-341. 1912. 

Nordau, M. S. 

1896. Degeneration N. Y.: Appleton. 1-566. 1896. 

1898. Psycho-physiologie du genie et du talent (transl. by A. Dietrich). 
Paris: Alcan. 1-169. 1898. 

Obrock, I. 

1936. The therapeutic value of finger painting. The Crippled Child 13: 
172. 1936. 

O’Bryan, E. P. 

1939. Art in medicine. Hygeia 17 : 408-410, 468, 1939. 

Orenstein, L. L.; & Schilder, P. 

1938. Psychological considerations of the insulin treatment in schizophrenia. 
Jour. Nerv. Ment. Dis. 88: 397-413, 644-660. 1938. 

Paneth, L. 

1929, Form und Farbe in der Psychoanalyse. Ein neuer Weg zum Un- 
bewussten. Nervenartz 2: 326-337. 1929. 



AN AST AST AND FOLEY: BEHAVIOR OF THE ABNORMAL 105 


Passy, J. 

1891. Note sur les dessins d’enfants. Rev. phil. France l’6tranger 32: 614- 
621. 1891. 

Pastnor, P. 

1899. Music as medicine. Music 15 : 651-653. 1899. 

Perez, V. 

1917. Valor semeiol6gico de las manifestaciones gr&ficas en la locura. Siglo 
M5dico 64: 546-549. 1917. 

Pfeifer, R. 

1923. t)ber aussergewohnliche Kunstleistungen von Geisteskranken. Zeit. 
ges. Neurol. Psychiat. 31: 61. 1923. 

Pfister, O. 

1912. Die psychologische Entratselung der religiosen Glossolalie und der 
automatischen Kiyptographie. Jahrb. Psychoanal. Psychopathol. 
Forsch. 3 : 427-466, 730-794. 1912. 

1913a. Kryptolalie, Kryptographie xmd unbewusstes Vexierbild bei Normalen. 

Jahrb. Psychoanal. Psychopathol. Forsch. 5: 117-156. 1913. 

1913b. Die Entstehung der kiinstlerischen Inspiration. Imago 2: 481-512. 
1913. 

1917. The psychoanalytic method (transl. by C. R. Payne). N. Y.: Moffat 
Yard. 1-588. 1917. 

1923. Expressionism in art: its psychological and biological basis (transl. 
by B. Low and M. A. Miigge). N. Y.: Dutton. 1-272. 1923. 

1934. Farbe und Bewegung in der Zeichnung Geisteskranker. Schweiz. 
Arch. Neurol. Psychiat. 34: 325-365. 1934. 

Pickford, R. W. 

1939. Some interpretations of a painting called “Abstraction.” Brit. Jour. 
Med. Psychol. 18: 219-249. 1939. 

Pierce, A. H. 

1934a. The therapeutic value of music for psychotic patients. U. S. Veteran’s 
Bur. Med. Bull. 11: 142-147. 1934. 

1934b. The application of music in a Veteran’s Administration mental hos¬ 
pital. Occup. Therap. Rehab. 13 : 279-288. 1934. 

Plaut, P. 

1928. Prinzipien und Methoden der Kunstpsychologie. In Abderhalden, 
Handb. biol. Arbeitsmethoden. Berlin & Vienna: Urband & Sehwarzen- 
berg 6: Method, exper. Psychol. (3): 745-966. 1928. 

Podolsky, E. 

1933. Music’s r61e in healing. Etude 51 <7): 442. 1933. 

1938. Music becomes a medicine. Illinois Med. Jour. 73: 255-258. 1938. 

1939. The doctor prescribes music. N. Y.: Stokes. 1-134. 1939. 

Potter, H. 

1935. Psychotherapy in children. Psychiat. Quart. 9: 335-348. 1935. 
Prinzhom, H. 

1919. Das Bildnerische Schaffen der Geisteskranken. Zeit. ges. Neurol. 
Psychiat. 52 : 307-326. 1919. 

1922. Gibt es schizophrene Gestaltungsmerkmale in des Bildnerei der Geis¬ 
teskranken? Zeit. ges. Neurol. Psychiat. 78: 512-631. 1922. (Auto- 



1C6 


ANNALS NEW YORK ACADEMY OF SCIENCES 


referat, Schweiz. Arch. Neurol. Psychiat. 10 : 320-321. 1922. Abstract 
in German by W. Mayer-Gross, Psychol. Bull. 21: 164-165. 1924.) 
1923a. Bildnerei der Geisteskranken: ein Beitrag zur Psychologie und Psycho- 
pathologie der Gestaltung. Ed. 2. Berlin: Springer. 1-361. 1923. 
1923b. Bildnerische Gestaltung, Gesundheit, Krankheit. Zbl. ges. Neurol. 
Psychiat. 31: 60-61. 1923. 

Gesemann, —; Kronfeld, —; & Sach, —. 

1925. Der kunstlerische Gestaltungsvorgang in psychiatrischer Beleuchtung. 
Zeit. Aesth. 19: 154-180. 1925. 

Quercy, P. 

1920. Langage et po6sie d’un ali£n€. Enc4phale 15 : 207-212. 1920. 

Raggi, A. 

1874. Sugli scritti dei pazzi. Riv. clin. di Bologna II. 4: 11-24, 104-115, 
167-172. 1874. 

Regis, E. 

1882. Les alienes peints par eux-memes, Enc6phale 2: 184-198, 373-382, 
547-564. 1882 ; 3: 642-655. 1883. 

1884. Methode graphique appliqud k l’4tude de la folie k double forme. 
EncSphale 4: 725. 1884. 

Reja, M. 

1901. L’art malade: dessins de foils. Rev. Univ. 1: 913-915, 940-944. 1901. 
1907. L’art chez les fous. Paris: Societd du Mercure de France. 1-238. 
1907. 

Rentsch, P. 

1926-1927. Musik und Geistestorung. Allg. Zeit. Psychiat. 85 : 35-69. 
1926-1927. 

Richter, W. G. 

1934. The beneficial effects of music for the mentally ill. IT. S. Veteran’s 
Bur. Med. Bull. 11: 148-150. 1934. 

Rodriguez Lafora, G. 

1922. Estudio psicoldgico del cubismo y expressionismo. Arch. Neurobiol. 
3: 119-155. 1922. 

1927. Don Juan, Los Milagros, y otros ensayos. Madrid: Biblioteca Nueva. 
1-332. 1927. 

Rogerson, C H. 

1939, Play therapy in childhood. London: Oxford Univ. Press. 1-64. 
1939. 

Rogues de Fursac, J. 

1905. Les Merits et les dessins dans les maladies nerveuses et mentales. 
Paris: Masson. 1-306. 1905. 

Rorschach, H. 

1913a. Anal ytische Bemerkungen fiber das Gemalde eines S chiz ophr enen . 

Zbl. Psychoanal. Psychother. 3 : 270-272. 1913. 

1913b. Analyse einer schizophrenen Zeichnung. Zbl. Psychoanal. Psychother. 
4:53-68. 1913. 

Rosanoff, A. J. 

1938. Manual of psychiatry and mental hygiene. 7th ed. N. Y.: Wiley. 
1-1091. 1938. 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 107 


Rothery, G. C. 

1918. The power of music and the healing art. London: Kegan Paul, Trench, 
Triibner. 1-123. 1918. 

Ruckstull, P. W. 

1925. Great works of art and what makes them great. N. Y.: Garden City 
Pub. Co. 1-552. 1925. 

Rush, B. 

1812. Medical inquiries and observations upon the diseases of the mind. 
Philadelphia: Kimber & Richardson. 1-367. 1812. 

Sapas, E. 

1918. Zeichnerische Keproduktionen einfacher Piguren durch Geisteskranke. 
Schweiz. Arch. Neurol. Psychiat. 4: 140-152. 1918. 

Sat6, K. 

1933. (Studies on the structure of perception in the insane. I. On the 
drawing of schizophrenics when reproducing an object and when 
copying from a pattern.) Jap. Jour. Psychol. 8: 91-107. 1933. 
Schauder, H. 

1939. Zur Frage der Therapeutischen Moglichkeiten der Musik bei Geistes- 
kranken. Basel: Schahl. 1-22. 1939. 

Schenk, V. W. D. 

1939. (Drawings of untrained and untalented adults.) Psychiat. Neurol. Bl. 
Amst. 43 : 591-612. 1939. 

Schilder, P. 

1918. Wahn und Erkenntnis; eine psychologische Studie. Berlin: Springer. 
Monog. Gesamtgeb. Neurol. Psychiat. 15: 1-115. 1918. 

Schneider, C. 

1939. Entartete Kunst und Irrenkunst. Arch. Psychiat. Nervenkr. 110: 
135-164. 1939. 

Schon, B. 

1859. Mittheilungen aus dem Leben Geistesgestorter. Vienna & Leipzig: 
Hartleben. 1-320. 1859. 

Schonfeld, W. 

1933. Zur Psychopathologie der Kinderkritzelein. Die Quelle 83: 254-257, 
337-342. 1933. 

Schottky, J. 

1936. tlber einen kiinstlerischen Stilwandel in der Psychose. Nervenarzt 9: 
68-76. 1936. 

Schube, P. G.; & Cowell, J. G. 

1939. Art of psychotic persons: a restraint-activity index and its relation 
to diagnosis. Arch. Neurol. Psychiat. 41: 711-720. 1939. 

Art of psychotic persons: 2. Evidence of its therapeutic value. In 
press. 

Schultze, M. 

1938. tlber Zeichnen und Malen als experimentell-psychologische Hilfe in 
der Psychotherapie. Zbl. ges. Neurol. Psychiat. 87: 704. 1938. 

Schulze, R. 

1912. Experimental psychology and pedagogy (transl. by R. Pintner). 
London: Allen. 1-364. 1912. 



108 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Seashore, C. E. 

1939. The psychology of music. XIX. The musical temperament. Music 
Educators Jour. 25 (5): 26-27. 1939. 

Segal, A. 

1939. Art as a test of normality and its application for therapeutical 
purposes. London: Arthur Segal’s Painting School. 1-18. 1939. 

Sell, JR. 

1938. Saving children from their pasts with the paint brush. St. Louis Post 
Dispatch Sunday Mag. Sect. April 17, 1938: 1. 

Shaw, R. F. 

1934. Finger painting. Boston: Little, Brown. 1-232. 1934. 

Simon, M. 

1876. L’im agination dans la folie: Etude sur les dessins, plans, descriptions, 
et costumes des ali6n6s. Ann. M&i.-Psychol. 16: 358-390. 1876. 
(Abstr. in German by Reumont, Allg. Zeit. Psychiat. psychisch. Med. 
36: 110-112. 1879-80.) 

1888. Les eerits et les dessins des ali6n6s. Arch, anthrop. criminelle 3: 
318-355. 1888. 

Sisson, E. D.; & Sisson, B. 

1940. Introversion and the aesthetic attitude. Jour. Gen. Psychol. 22: 
203-208. 1940. 

Sollier, P. 

1891. Psychologie de l’idiot et de Pimb6cille. Paris: Alcan. 1-276. 1891. 
Spoerl, D. T. 

1940. Personality and drawing in retarded children. Character and Pers. 8: 
227-239. 1940. 

Spring, W. J. 

1935. "Words and masses: a pictorial contribution to the psychology of 
stammering. Psychoanal. Quart. 4: 244-258. 1935. 

Stadelman, H. 

1908. Die Stellung der Psychopathologie zut Kunst. Ein Versuch. Mit 
acht Bildbeilagen (nach Werken von Goya, Blake, Rops, Beardsley, 
Munch, Behmer, Dorns, Kubin). Munich: Piper. 1-51. 1908. 

1927. Bildnerei der Geisteskranken. Psychiat.-neurol. Wochenscht. 29 : 499- 
500. 1927. 

Stavenitz, A. R. 

1939. Art and psychopathology. Psychologists League Jour. 3: 36-37. 
1939. 

Stavsky, W. H. 

1938. A short note on a child’s drawing. Am. Jour. Orthopsychiat. 8: 
560-561. 1938. 

Stekel, W. 

1923. Poetry and neurosis. Psychoanal. Rev. 10 : 73-96. 1923. 

Stem, W. 

1930. Psychology of early childhood up to the sixth year of age (transl. 
by A. Barwell). N. Y.: Holt. 1-612. 1930. 

-■; Baade, W.; & Lipman, O. 

1909. Ko rn missi on fiir Psychographie. Zeit. ang. Psychol. 3: 163-215. 
1909. 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 109 


Stertz, G. 

1927. Beitrag zu dem Verhaltnis von Kunstschaffen und Geisteskrankheit. 
Deutsche Zeit. Nervenheilk. 100: 40-62. 1927. 

Stratton, H. W. 

1901. The keynote in musical therapeutics. Arena 25 : 287-299. 1901. 

Strong, R. 

1940. Technics and instruments of mental hygiene diagnosis and therapy. 
Rev. Educ. Res. 10 : 450-459. 1940. 

Stuart, C. 

1938. Madman Nijinsky bares what’s on his mind. Minneapolis Sunday 
Tribune (Photo Week Sect.) no. 223. Jan. 2,1938. 

Szecsi, L. 

1935. On works of art of the insane. Midtown Galleries, N. Y. C.: Cata¬ 
logue of the exhibition of the Szecsi Collection. March 17-April 1, 
1935. 

Traube, T. 

1937. La valeur diagnostique des dessins des enfants difficiles. Arch. 
Psychol. 26 : 285-309. 1937. 

Tsubina, M. 1. 

1929. (Schizophrenia and giftedness.) Klin, arckh. genialn. i ordaren. (1): 
63-68. 1929. 

Van de Wall, W. 

1924. The utilization of music in prisons and mental hospitals. N. Y.: 

National Bureau for Advancement of Music. 1-67. 1924. 

1932. A music program for the institutions for the mentally deficient. 
Jour. Psychoasth. 37: 70-97. 1932. 

-; & Bond, E. D. 

1934. The use of music in a case of psychoneurosis. Am. Jour. Psychiat. 
91: 287-302. 1934. 

Verwom, M. 

1907. Zur Psychologie der primitiven Kunst. Naturwiss. Wochenscht. 22 
(n. F. 6, no. 46): 721-728. 1907. 

1917. Zur Psychologie der primitiven Kunst. Ed. 2. Jena: Gustav Fischer. 
1-48. 1917. 

Vinchon, J. 

1913a. Le catalogue de “lEnfer” de la Bibliotheque Nationale. Rev. Psychiat. 
17: 155-158. 1913. (Abstr. Arch, intemat. Neurol. 35 (2): Varia : 
x. 1913.) 

1913b. L’emploi de la musique dans le traitement des psychoses. Rev. 
Psychiat. 17: 360-372. 1913. 

1924. L’art et la folie. Paris: Boutelleau (Librairie Stock). 1-127. 1924. 

1926. Essai d’analyse des tendances de Part chez les fous. L’Amour de 
l’Art 7: 246-248. 1926. 

1927. L’art ddment. Aesculape 17: 163-167. 1927. 

Warstat, W. 

1912. H. Stadelman, Die Stellung der Psychopathologie zur Kunst. Arch, 
ges. Psychol. (Literaturbericht) 24: 163-167. 1912. 

Wells, D. W. 

1907. Psychology applied to medicine. Philadelphia: Davis. 1-141. 1907. 



110 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Werner, H. 

1940. Comparative psychology of mental development (transl. by E. B. 
Garside). N. Y.: Harper. 1-510. 1940. 

Weygandt, W. 

1921. Kunst und Wahnsinn. Die Woche 22 : 483-485. 1921. 

1923. La psicopatologia nelT arte. Ferrara: Industrie Grafiche Italiane. 
1-51. 1923. 

1924. Zur Frage der pathologischen Kunst. Zbl. ges. Neurol. Psychiat. 37: 
338-339. 1924. 

1925. Zur Frage der pathologischen Kunst. Zeit. ges. Neurol. Psychiat. 
94: 421-429. 1925. 

White, W. A. 

1930. The language of the psychoses. Am. Jour. Psychiat. 27: 697-718. 
1930. 

Wickes, F. G. 

1938. The inner world of man (with psychological drawings and paintings). 
N. Y.: Farrar & Rinehart. 1-313. 79 plates. 1938. 

Wilder, H. H.; & Stowell, G. 

1935. Instruction in band music to mentally deficient children. Jour. 
Psychoasth. 40: 514r-522. 1935. 

Wilhelm, R.; & Jung, C. G. 

1929. Das Geheimnis der goldenen Bliite: ein chinesisches Lebensbuch. 
Mxmich: Grete Ullmann. 1-161. 1929. 

Willard, E. B. 

1929. Are genii madmen? Welfare Mag. 20: 12-17. 1929. 

Wilson, R. M. 

1926. Pygmalion or the doctor of the future. N. Y.: Dutton. 1-67. 1926. 
Winslow, F. 

1849. On the insanity of men of genius. Jour. Psychol. Med. Ment. Pathol. 
2 : 262-291. 1849. 

1852. The overworked mind. Jour. Psychol. Med. Ment. Pathol. 5: 257- 
276. 1852. 

1859. Literary fools—Guillaume Postel, Christopher Smart, and others. 

Jour. Psychol. Med. Ment. Pathol. 12: 169-186. 1859. 

1880. Mad artists. Jour. Psychol. Med. Ment. Pathol. N. S. 6: 33-75. 
1880. 

Wintsch, J. 

1935. Le dessin comme temoin du d£veloppement mental. Zeit. Kinder- 
psychiat. 2: 33-44,69-83. 1935. 

Wize, C. 

1936. Culture et psychopathologie. Ann. M4d.-Psychol. 94: 609-614. 
1936. 

Wizal, A. 

1899. (Wit of the insane with a few words on their artistic ability.) Kiyt. 
lek. (Warsaw) 3: 33-41,70-79. 1899. 

Woltmaim, A. G. 

1940. The use of puppets in understanding children. Ment. Hyg. 24: 445- 
458. 1940. 



ANASTASI AND FOLEY: BEHAVIOR OF THE ABNORMAL 111 


Wulff, M. 

1936. Zur Arbeit von E. Kris “ Bemerkungen zur Bildnerei der Geistes- 
kranken” Imago 22: 471-475. 1936. 

Wundt, W. 

1896. Lectures on human and animal psychology (transl. by J. E. Creighton 
and E. B. Titchener). N. Y.: Macmillan. 1-459. 1896. 

Zachry, C. B. 

1937. The r61e of mental hygiene in the arts. Art Educ. Today. 31-36. 
1937. 

Ziehen, T. 

1904. Geisteskrankheiten des Kindesalters. Samml. Abh. Gebiete padago- 
gischen Psychol. Physiol. 7 (1): 1-94. 1904. 




Annals of the New York Academy of Sciences 
Volume XLII, Art. 2. Pages 113-272 
October 15, 1941 


THE FUNDAMENTAL PROPERTIES OF THE 
GALACTIC SYSTEM* 


By 


B. J. Bok, Dirk Brouwer, W. J. Luyten, D. A. MacRae, 
H. R. Morgan, Jan Schilt, Frederick H. Seares, 
Peter van de Kamp, and Emma T. R. Williams 


CONTENTS 


PAGE 

The Reference System of Stellar Positions. By H. R. Morgan. 117 

The Reference System with a View to Planetary Dynamics. By Dirk 

Brouwer. 

Mean Secular Parallaxes of Faint Stars. By Peter van de Kamp . 151 

Mean P arallaxe s from Peculiar Motions. By E mma T. R. Wi lliams . ... 187 

The Luminosity Function. By W. J. Lutten.201 

The Magnitude Scale Today. By Frederick H. S e a r es.211 

The Stellar Distribution in High and Intermediate Latitudes. By B. J. 

Bok and D. A. MacRae.219 

The Absorption Coefficient and the Luminosity Function in the Galactic 
Plane. By Jan Schilt. 


259 


* This series of papers la the result of a conference on The Fundamental Properties of 
the Galactic System held at The New York Academy of Sciences, May 2 and 3.1241. 

( 113 ) 










THIS PUBLICATION IS DUE TO THE GENEROSITY 
OF MR. A. CRESSY MORRISON, WHO, THROUGH 
THE ESTABLISHMENT OF THE A. CRESSY MOR¬ 
RISON SERIES OF PRIZES IN ASTRONOMY, HAS 
STIMULATED MANY NOTEWORTHY INVESTIGA¬ 
TIONS ON THE SOURCES OF STELLAR ENERGY. 



DEDICATED TO FRANK SCHLESINGER, WHOSE 
DEVELOPMENT OF METHODS OF ACCURATE 
PHOTOGRAPHIC ASTROMETRY IS THE BASIS OF 
MANY RECENT ADVANCES IN THE STUDY OF 
THE STRUCTURE OF THE GALACTIC SYSTEM. 



Copyright 1941 
BY 

The New York Academy or Sciences 



THE REFERENCE SYSTEM OF STELLAR 
POSITIONS 


By H. R. Morgan 

From the Naval Observatory, Washington, D. C. 

THE FUNDAMENTAL PLANES 

We observe from the Earth and the motions which impress them¬ 
selves upon us most are the daily rotation of the Earth on its axis, 
and the annual revolution of the Earth around the Sun. The planes 
of these motions, the equator and the ecliptic, are natural and con¬ 
venient planes of reference having stable motions. 

The position of the equator is determined directly by observation 
of the stars. It would be possible by observing continuously this 
position as it varies among the stars to set up by trigonometrical 
analysis an empirical law for its motion. But this is not done. The 
motion with its complicated nutation is due to the varying attraction 
of the Sun and Moon on the oblate rotating mass of the Earth, and 
gravitational theory therefore defines the motion. However, the 
mechanical ellipticity of the Earth, and the mass of the Moon are not 
given by observation with sufficient accuracy to determine the pre¬ 
cession completely from this theory. The observed mass of the Moon 
from the lunar inequality 1 is uncertain by one part in four hundred, 
corresponding to an uncertainty of 10". in the centennial precession, 
whereas the direct determination of the precession from observations 
of the stars is accurate to 1". Hence the determining coefficients in 
the expansion, the precession and nutation constants, and the ob¬ 
liquity, are taken from observation. 

The position and motion of the ecliptic depend upon observations 
of the Sun and planets among the stars, and upon the masses and 
motions of the planets. 

We cannot consider here how observations are taken and reduced, 
nor the construction of star catalogs and planetary tables. Our 
subject suggests consideration of the positions and motions both of 
the stars and of the fundamental planes. And for convenience of 
reference, star catalogs are discussed first. 

1 Astr Jour. 47 ( 1100 ). 1039. 
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THE STAR CATALOGS 

Within certain limits of approximation all individual catalogs of 
stars may, by intercomparison, bfe reduced to the system of a funda¬ 
mental catalog. The fundamental system representing the most 
basic reduction of observations is the Third Fundamental Catalog 
of the Berliner Jahrbuch, referred to as the “FK3.” This system 
is the result of an exhaustive investigation by A. Kopff and his asso¬ 
ciates for the last twenty years, the outlines of which are given in 
numerous papers in the Astronomische Nachrichten. It is a revision 
and extension of the Auwers system, the NFK. It has been adopted 
by the National Almanacs upon recommendation by the International 
Astronomical Union. The Astronomer Royal 2 has expressed the 
opinion that the FK3 system is undoubtedly the best available and 
the nearest approach to a true system at present. I believe this is 
the general opinion. 

In constructing the catalog the most approved and exacting methods 
were followed for eliminating periodic errors varying with right 
ascension in different zones of declination, and errors varying with 
declination, and in determining the positions of the poles and the 
equinox. To establish the position of the equator among the stars 
Newcomb used observations of the Sun, Moon, and planets, and his 
declinations have held good for 70 years. This basic method of estab¬ 
lishing a fundamental point in declination 90° from the poles has been 
followed in constructing the FK3. 

Investigations at the Naval Observatory 3 ' 4 of observations of the 
Sun, Moon and planets since 1900 uphold definitely both the equator 
point and the equinox adopted in the FK3. The declinations in recent 
Washington catalogs from fundamental observations agree with the 
FK3 declinations within 0".l over an arc of 120°, and recent Cape 
observations check the smallness of periodic errors in right ascension. 
The systematic errors are doubtlessly reasonably small. The probable 
errors of the centennial motions are estimated as about ± 0".2. The 
authors cautioned that the proper motions are far from being defini¬ 
tive as they are based upon observations since 1850 and the catalop 
between 1850 and 1900 are not free from systematic errors. 

Evidence as to the accuracy of the positions and motions as to 
periodic errors is afforded by comparing the corrections to the Pre¬ 
liminary General Catalog, referred to as “PGC,” as derived in con- 

* Month. Not. Royal Astr. Soc. 99 : 424. 1939. 

3 Astr. Jour 42 (987). 1933. 

4 Astr. Jonr. 41 (969). 1932. 
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structing the Albany General Catalog, referred to as “GC,” with the 
corrections to the same catalog given by the FK3. 8 The two inde¬ 
pendent investigations give quite similar corrections to PGC for 
periodic errors in right ascension in equatorial regions as follows: 

Corrections to the PGC and GC (1950) 

From (GC) Aa = — s .009 sin a + ’.012 cos a — ’.002 sin 2a + *.006 cos 2a 

From (FK3) Aa = — .011 sin a + .011 cos a + .002 sin 2a + .008 cos 2a 

Prom (GC) 100 Aju = — .005 sin a + .009 cos a — .003 sin 2a + .006 cos 2a 

Prom (FK3) 100 An = — .009 sin a + .004 cos a + .007 sin 2a + .010 cos 2a 

These errors do not represent uncertainties in modem observations. 
All series give similar corrections to the catalogs. Standard observa¬ 
tions today admit no such errors. They were possible 100 years ago. 

The Albany General Catalog of 33,342 stars, by Benjamin Boss 
and his associates, is the next important recent fundamental catalog. 
This is a revision and extension of the Preliminary General Catalog 
of 6188 stars, by Lewis Boss, and as many important studies in stellar 
motions have been made using one of these catalogs, or motions of 
fainter stars reduced to them, they may be considered together. The 
equator points for the declinations were not determined from observa¬ 
tions of the Sun and planets and, as a consequence, the systematic 
errors of the PGC equatorial declinations amount now to over 0".5, 
with corresponding errors in proper motion. These errors were only 
partly corrected in passing to the GC, the declinations of which re¬ 
quire now a positive correction of 0".2, on the average, with a varia¬ 
tion of 0".5 in the southern sky, while the centennial motions require 
corrections of twice these amounts. 

As stated above, in the Introduction to the GC a discussion of 
standard observational catalogs shows clearly the large and well 
known periodic errors varying with right ascensions in the PGC 
system. These errors amount to ± 0".3 in the right ascensions and 
± 0".3 in the centennial motions. They have been well established 
by other discussions. They change phase with time so that they enter 
with full force into the proper motions of the catalog. 

No corrections for these large errors were applied to the PGC in 
forming the GC system, and this virtually established a system of 
star places which definitely fails to represent the observations upon 
which it is supposed to be based. This was a most regrettable pro¬ 
cedure. It will have a deleterious effect for years to come. This is 


« Astr. Jour. 46 (1063). 1087. 
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already shown in a recent tabulation of some corrections to the GC 
by Smart. 6 As just shown, the corrections to the GC motions (FK3- 
GC), have periodic terms similar to terms in precession and galactic 
rotation. What are designated in the Wilson-Raymond 7 solution 
as corrections for precession and rotation are partly the systematic 
errors shown in the Introduction to be in the catalog itself. The cor¬ 
rections tabulated do not free the catalog from its important errors, 
and their use would tend to introduce an unknown precession into 
star places. The precession is a fundamental constant and should 
be changed only with a general and consistent change in the whole 
system of fundamental constants, and with the approval of the Inter¬ 
national Astronomical Union. 

The systematic errors of the GC proper motions range up to 1".0, 
especially in the southern hemisphere, and they are of the same order 
as the quantities sought in solution for precession, solar motion, and 
rotation. When expressed in periodic form they give approximately 
the following: 

100 = —0" 11 sin a sec 8 + 0" 10 cos a sec 8 

100 Ah' = 0 00 cos a — 0 11 sin a 

The first terms in each case enter as unreal precession and the second 
terms as unreal rotation. Small weight can be given to corrections 
to fundamental constants from such solutions until known errors are 
eliminated. These errors are so involved with the positions and mo¬ 
tions of the catalog that it may be impossible to correct for them 
now by internal computations. The conclusion is therefore that the 
positions and motions of the GC can be used for basic results only 
by applying to them the systematic corrections (FK3-GC) given in 
A. N. Band 269; and a similar statement applies to the PGC with the 
corrections (FK3-PGC) given in A. N. Band 255. And this is im¬ 
portant. The large number of stars in the GC and the comprehensive 
scope and fundamentality of the catalog render it an indispensable 
medium of comparison for all fainter star work. Systematic correc¬ 
tions are now available so that all old catalogs may be reduced to this 
standard; and more recent catalogs give comparisons in their intro¬ 
ductions. With the new positions of all stars to the 9th magnitude, 
now being reduced, it will be possible to re-reduce any astrographic 
position to this standard. 

It is almost a universal practice for computers of individual 

• Month. Not. Royal Astr. Soc. 101: 37. 1941. 

' Astr. Jour. 47 (1084). 1938. 
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meridian and photographic catalogs to take positions of reference 
stars from the fundamental catalogs unchanged. The errors of the 
PGC have long been known and for rigid work corrections have been 
applied, but in much differential work they have not been. 

A word further may be said as to motion of faint stars where the 
end catalogs have been reduced through reference stars to a standard. 
The motions depend upon the errors in the end catalogs, the errors of 
comparison, and the errors in the standard motions, and with small 
divisors for short intervals the resulting systematic errors may be 
larger than the deduced proper motions. It is impossible to get very 
reliable motions in 10 or 20 years. The errors of the end positions 
are too large. It seems necessary to bring out that solutions from 
faint star groups or catalogs have given similar results for precession 
because they are all reduced to the same standard. Kopff considers 
that the errors in the fundamental systems have great weight in the 
comparison with faint stars as they may be comparable with the total 
motion of such stars. 

The excellent work on star motions that is being carried on is all 
important and the results are valuable in the development of the 
subject. My caution is to keep our observations clearly and uni¬ 
formly reduced in such a way that those who follow may use them 
more intelligently than we can use some of those in the past. De 
Sitter 8 in speaking of Newcomb's work says, “It would certainly be 
premature to make a new determination either of the constant of 
precession, or of the elements of the planets—before the present un¬ 
certainty regarding the systematic errors in the declinations and the 
proper motions in decimation of the stars has been cleared up.” The 
systematic errors in declinations observed and reduced fundamentally 
are much smaller today than those considered by de Sitter. The mean 
epoch for position in the fundamental catalog is around 1900, and 
Schlesinger has shown that the errors of the GC positions, brought 
up with their proper motions to the present, run over a third of a 
second of arc. Our present observations have smaller errors than this. 

THE OBSERVATIONS 

The points in the sky best determined by observation are the poles 
of the equator, or the axis of the Earth's rotation. These points are 
determined very accurately by observing the stars both above and 
below the pole for the polar point of the circle, and for a zero point 

s Bun. Astr. Inst. Netherlands No. 129. 1927. 
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of the instrumental meridian. All absolute declinations include solu¬ 
tions for the polar point, latitude, and refraction, and all instruments 
agree in the coordinates of the stars at the pole, the systematic errors 
being smaller there than elsewhere in the sky. In going away from 
these points the instruments often diverge, and differ as much as 1".0 
or more at the equator. Only a few government observatories can 
carry on continuous Sun, Moon, and planet work necessary for deter¬ 
mination of a second fundamental point of reference at the equator. 
The equator is not observed but the ecliptic is—through the motions 
of the Sun and planets. The plane of the ecliptic is then the second 
fundamental position given by observation. The average declina¬ 
tion of the ecliptic is the equator, and the obliquity is measured by the 
circles, influenced, of course, by refraction, flexure, division errors, 
day terms, and so on. One of the great difficulties here has been the 
day terms. It is necessary to observe the bright stars as near the Sun 
as possible in order to determine the difference between the day and 
night observations, which, with the Washington instruments for in¬ 
stance, range up to 1".0 in declination and s .04 in right ascension. 

Investigators agree that the pole points among the stars are well 
determined, but there is more uncertainty in the position of the 
equator and the ecliptic. In my own discussion, night observations 
of the outer planets and the Moon were included. These are free 
from the uncertainties of day terms. There is more uncertainty in 
observation of the Moon, but its rapid motion in both coordinates 
is an advantage. Newcomb considered that occultation results were 
quite comparable with meridian results for determining the motion 
of the equinox. These have been discussed by Jones. The observa¬ 
tions of Mercury and Venus have an uncertainty in personal equa¬ 
tion due to the form of the visible disc which enters into all methods 
of observing, and may not be materially reduced by travelling threads; 
but such errors largely mean out in a synodic period. Two recent 
and rather exhaustive discussions of all available material by Heine- 
man® and Morgan,® agree with the position of the equator among the 
stars established by Newcomb. 

The correction to the obliquity itself is very small, but the observed 
centennial motion is larger than that computed by Newcomb, by 0".2, 
and corresponds to a larger mass of Venus. The periodic perturbations 
of the Earth by Venus recently deduced from the Sun observations, 
and other determinations, also give a larger mass for Venus. 


• Astr. Nachr. 241 (5769). 1930. 
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THE EQUINOX 

The equinox to which right ascensions are reduced is that determined 
by Newcomb 70 years ago by comparing observations of the Sun 
1750-1870, with observations of 32 bright stars; and slightly modified 
ten years later to be defined by the positions and centennial varia¬ 
tions of 128 bright stars within 40° of the equator. The new system 
FK3, gives the same mean centennial variation for these 128 stars 
as that used by Newcomb. 

Numerous investigations for correction to this equinox have been 
made using different series of meridian observations of the Sun, Moon 
and planets, and occultations of stars by the Moon. All results show 
that the equinox itself must be changed a large part of a second of 
arc to conform to changes in methods of observing. The results from 
standard observations for position of the equinox with regard to the 
clock stars at a given time vary 0".3, with a mean accurate to O'M. 

In the three most recent and more complete investigations by Jones, 2 
Kahrstedt 10 and Morgan, 4 the evidence is rather conclusive that New¬ 
comb’s motion of the equinox satisfies the best reductions of observa¬ 
tions we can make within 0".l or 0".2. Results from recent observa¬ 
tions at Cape and Washington, and a discussion of Hornsby’s 
observations (1785) have been added to my last solution with prac¬ 
tically no change in the results. In that solution B .025 was applied 
for change from key observations to travelling thread registration, and 
some have questioned this correction. It is, however, well established; 
the change at Greenwich was s .03, at Washington *.02, at Cape 
s .02, and at Pulkowa “.04. The relative personal equations on the 
Sim and on the stars using the key method, may have changed some 
from 1850 to 1910, and there may be a small uncertainty in the 
equinox motion due to personal equations which only time and modem 
methods can eliminate. The magnitude equation has been more or 
less persistent and similar for all observers. The change from eye 
and ear to key observations was small at Greenwich and large at 
Cape and Pulkowa, and is, of course, more uncertain. Newcomb 
concluded that for the standard catalogs the personal equation was 
nearly the same for eye and ear and for key and chronograph. Omit¬ 
ting the first 100 years of eye and ear work changes the solution for 
equinox motion very little, however. 

Thackery 11 has shown that the annual terms in declination due to 
variation of latitude may at times change the derived longitude of 

II Astr. Nadir. 244 (5836). 1931. 

11 Month. Not. Royal Astr. Soc. 85: 1000. 1925. 



124 


ANNALS NEW YORK ACADEMY OF SCIENCES 


the Sun, and hence the equinox correction by as much as 8 .02. As 
the latitude variation was not regularly observed last century, there 
is an uncertainty because of it, but this must be very small on the 
average over long periods. Other possible annual terms in the Sun’s 
declination may produce errors in the obliquity and in the equinox. 

As stated before, the intensive study of day terms at present is 
doing away with such errors to a much larger extent than was pos¬ 
sible in the old work. The almost perfect modern clocks under con¬ 
stant temperature and pressure give dependable time at all hours of 
the day and night, and these together with the synchronous motor 
drives for micrometer threads as developed by Watts at the Naval 
Observatory, other instrumental improvements, and stable meridian 
marks for azimuth work assure far more accurate results now than 
were ever before possible. Observations became more accurate 
in the middle of the last century with the introduction of several new 
large transit circles and vertical circles, and with the key substituting 
for the eye and ear work; and in establishing the new star systems 
only the observations since 1850 have been used. The older ob¬ 
servations are used only in general analyses and for individual proper 
motion. With the planetary work, however, the condition is differ¬ 
ent. The first 100 years are necessary for the secular terms in the 
motion of the planets, and for the Sun and Moon the secular accelera¬ 
tions of the longitudes are even determined from ancient eclipses. 

We must conclude that the position of the equinox with regard 
to the clock stars is very accurately determined at the present, and 
that its motion is so well established it cannot be changed by any 
such amount as 1".0 per century suggested by some recent studies 
of stellar motions. 4 ’ 10 

By definition this motion is not precession. It is the relative 
motion of the equinox point and some more or less permanent list 
of 200 to 300 equatorial bright stars used as clock stars—they must 
include the brightest stars for observation in the day time with the 
Sun. And the motion of the bright stars relative to the mass of 
stars, or to some fixed direction in space, must be added to the above 
motion in order to get precession. I quote from Newcomb, 12 f< We 
therefore have three separate steps in determining completely a 
correction to the adopted annual precession. 

» Newcomb, S. “The Elements of the Four Inner Planets and the Fundamental Con¬ 
stants of Astronomy,” p. 125. Government Printing Office, Washington, 1895. 
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(1) “The correction to the Sun’s absolute mean right ascension, 

or longitude. (From the observed declination.) 

(2) “The correction to the general mean right ascension of the 

clock stars relative to the Sun. (From the observed right 

ascension.) 

(3) “The determination of the clock stars relative to the great 

mass of stars. (From the catalogs.)” 

and continuing he says, “The motion of the pole of the equator upon 
which the luni-solar precession depends may be determined by ob¬ 
served declination quite independently of the right ascension.” 

The positions and centennial motions of the clock stars relative to 
the mass of stars may have appreciable errors, possibly as large as 
0".5. The average proper motion of our present clock stars is about 
— 1".0 a century, and the equinox motion by definition should there¬ 
fore differ from precession by 1 ". 0 , and it does. 

The indeterminateness of certain solutions may be noted. In the 
first place most of them have used proper motions based upon the 
PGC or GC systems, the systematic errors of which are large and 
may be expressed as periodic terms similar to those in precession and 
rotation as already shown. For motion in galactic latitude, the 
proper motions in right ascension and declination, both of which 
are affected by the above errors, and with rotation, are both used, 
by transformation, to get motion in galactic coordinates such that 
the computed motion in galactic latitude has in it systematic errors 
and rotation. Moreover, the equation in latitude 18 

A/ji 6 = Ap sin ei cos (g — Qi) — (Ae + AA) sin e 2 cos (g — gz) 

lacks fundamentality for two other reasons. The quantity Ae here re¬ 
fers to the motion of the equinox with reference to a fixed direction and 
it is therefore pure precession, as is Ap. Again, the coefficients are 
nearly equal and opposite in sign, the angles differing by only 27°, 
rendering the equation indeterminate in character. In the solutions 
the two unknowns come out nearly equal—as they should, both being 
corrections to the same precession—and with a value of 1".0. But 
the equation would be about as well satisfied with unknowns twice, 
or one-half, this value. Corrections to fundamental constants derived 
from such solutions have less weight. 

That the constant term in the proper motions in right ascension 
gives a correction to the motion of the equinox of the clock stars is 

i> Bull. Astr. Inst. Netherlands No. 132. 1927. 
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also misleading. The clock stars are Bradley stars. It will be shown 
later that for the Bradley stars corrections for unequal distribution 
in the two star streams change Newcomb’s constant term 0".56, and 
Struve’s 0".77, reconciling the constant terms with the periodic terms. 
The constant term in the right ascension motion contains also possible 
personal equation and rotation effects for the fainter stars relative 
to the brighter stars. 

And here the opinion of de Sitter 14 is again of value. He considers 
that in these solutions “the precession and the motion of the equinox 
are very badly separated, and moreover the proper motions in galactic 
latitude being derived from those in right ascension and declination 
are affected with the systematic errors of the latter,” and continuing 
he says, “it appears safer to keep separate the proper motions in 
right ascension and declination which have their own largely un¬ 
known systematic errors. They must then before serving for a deter¬ 
mination of the precession be corrected for galactic rotation, the 
constants of the latter being derived from radial velocities and the 
periodic terms in proper motion.” 

THE PRECESSION 

In Newcomb’s solution for precession, which gives a smaller value 
of the precession from the proper motions in right ascension than 
from those in declination, he says 18 “We cannot attribute the differ¬ 
ence to the variation of personal equation with magnitude because 
we have reason to suppose that the error is one which affects the 
modem (key observations 1850-1890), more than the older observa¬ 
tions (eye and ear), and which would, therefore, make the precessional 
motion derived from right ascensions come out too large.” This he 
finds to be the case for the faint stars of Lalande. This condition 
is reversed now, the key observations with large equations are the 
earlier, and the travelling threads with small equations the later, and 
the right ascension motions come out smaller, as predicted. 

Kopff 14 suggests that the present systematic corrections to standard 
catalogs are not free from magnitude effects even for the 30,000 
bright stars, and that it is necessary to establish fundamental motions 
of some 3,000 stars from the 6th to the 9th magnitudes free from 
magnitude effects so as to go back properly to the faint stars in the 
older catalogs for motions. This again expresses the idea that in 

u Boll. Astir. Inst. Netherlands No. 307. 1838. 

» Astr. Pap. Am. Eph. 8: Ft. 1. 54. 1898. 

** Month. Not. Royal Astr. Soc. 96:729. 1936, 
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the present motions the bright stars have an unknown motion on the 
fainter background. And this can be eliminated only by determining 
motions for the faint stars free from personal equation or other errors. 
This has been done over too short a period as yet for definitive results. 

There are, too, errors in right ascensions at higher declinations 
arising from errors in pivots, flexures, determination of the pole 
point and of the azimuth and collimation of the instruments, and in 
personal equation varying with declination. In this way the stars 
at higher declinations may not be referred to the clock stars in the 
same way at different epochs, with the result of an unreal relative 
motion. Also while the declinations at the poles are quite accurately 
determined at all epochs, those at the equator may have quite dif¬ 
ferent errors at one epoch than at another, due to errors in determin¬ 
ing the equator points. Instrumental flexures, personal equation in 
bisection, difference between day and night seeing and refraction, and 
other errors enter into the reductions in varying amounts at different 
times. In this way systematic errors in proper motion in declination 
are introduced. The average proper motion in declination of the GC 
requires a positive correction of 0".2. 

For the determination of the equinox it is necessary and sufficient 
to have reference to a small list of equatorial bright stars, and these 
may have motions. But with the precession it is different. Here 
the influence of the motions of the stars themselves add greatly to 
the problem. Eddington 17 says “that on the basis of the two star 
drifts the present methods of calculating the precession are only ap¬ 
proximately (and one may almost say accidentally) correct.” Jones 2 
calls attention to the fact that “the existence of two star streams, or 
a preferential direction of motion, or the rotation of the galaxy is 
not in accordance with the fundamental assumptions on which New¬ 
comb’s value of the precession was derived. The value obtained for 
the precession will depend upon the particular assumptions made.” 
The derived precession constant changes as we change from group 
to group of stars corresponding to changes in the sum total of the 
proper motions, and to unknown group motions. In passing from 
the 3,000 Bradley stars observed from 1750 to 1890 to the 30,000 GO 
stars based on observations from 1850 to 1925, the value of preces¬ 
sion appreciably increased. On the other hand, all recent solutions 
based on the PGC, or GC motions, or on motions reduced to one of 
these standards, give quite similar corrections to the precession, as they 
virtually reproduce the standard. 

17 Month. Not. Royal Astr. Soc. 67 : 34. 1906. 
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L. Struve 18 and Newcomb 15 made solutions using old observations 
of some 3,000 Bradley stars, Struve found a rotation — 0"A, while 
Newcomb omitted such a term. Otherwise, the two results agree 
fairly well, and in each the correction to precession from the proper 
motions in declination is considerably larger than that from the right 
ascensions. Boss in discussing the 6,000 PGC stars found a similar 
discordance, as have Wilson and Raymond with the GC stars. This 
has been attributed partly to a motion of the equinox. In such solu¬ 
tions the periodic terms, especially those in declination are taken as 
the determining result, and the residual in the constant term has been 
attributed partly to other causes. Hough and Halm 19 have shown, 
however, that the effect of unequal distribution of the two Kapteyn 
streams gives a correction to the constant term in right ascension 
which reconciles it with the precession determined from the periodic 
terms in declination and right ascension. This correction has been 
accepted by de Sitter and by Eddington. In Newcomb’s solution the 
constant term was changed 0".56, and an additional term 0".56 cos 2a 
given by the same theory, satisfies an unexplained term found in the 
observations. It has been shown that streaming extends to fainter 
stars, and an effect from this may be present in all solutions. 

Again, the rejection of large proper motions strongly affects such 
solutions. In these solutions the solar motion was discussed assum¬ 
ing that the stars in the 108 areas were at equal distances. Informa¬ 
tion as to parallax accumulates slowly, but possibly a better assump¬ 
tion as to distance could be made now. No term for rotation in the 
ecliptic has been included; some evidence of such a motion has been 
found. 

No extensive determination of the precession on the FK3 basis has 
been made, but an approximate value has been determined in the 
Raymond-Wilson paper 7 by applying the systematic difference in 
proper motions, FK3-GC, in each of the GC area equations. The 
precession correction comes out about +1".0. Schilt has also used 
the FK3, and with similar results. 

There is a fundamental difficulty in the unknown motions of the 
standard stars, such as an unknown rotation, that cannot be overcome 
by going to the fainter stars. For these latter objects are by neces¬ 
sity of observation referred to the bright stars around them. Now 
while the faint objects may in themselves have little or no cosmic 
motion, yet by the nature of the reduction we endow them with the 

» Astr. N&ehr. 159 (3816): 1902. 

“ Month. Not. Royal Astr. Soc. 70: 568. 1910. 
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unknown motions of the standards which we wish to avoid. And 
therefore in the solutions for precession the faint and bright stars give 
quite similar results. For instance, 20 the 18,000 McCormick stars 
were afflicted with the motions of 574 Boss stars, and then gave Ap, 
+1".01; while the Boss stars by themselves give Ap, +1 /, .00. 

It may be possible in the future, by equating to zero the mean of 
the motions of the 200,000 faint stars now being determined, and by 
using the relative motions of these stars and Hie bright stars, to 
determine new motions of the standard system, and thence the preces¬ 
sion, allowing, of course, for rotation and solar motion in the solution. 

Suggestions have been made that, as a means of avoiding the in¬ 
fluence of unknown star motions, the distant galaxies be used as a 
reference system having inappreciable motions. A program at the 
Lick Observatory has this in mind. The reduction problem will be 
to get the plate star positions and motions rigidly on the system of 
standard stars to which the precession now in use refers. The 
galaxies are poorly distributed, and few are visible within 20° of 
the galaxy. But eventually it may be possible to work inward from 
the galaxies as a fixed system, through relative motions to the faint 
and then to the bright stars of the standard system. The new 
standards would then include all unknown rotations or streaming, and 
the resulting precession should approximate the dynamical value. 

As to the planetary precession, the conclusion now is the same as 
that held by Newcomb, namely, that it cannot be changed over 0".l 
or 0 "2 by any admissible changes in the masses. It has been com¬ 
puted two or three times independently with exact agreement. The 
reciprocals of the masses of Mercury and Venus used in computing 
this motion are 6,000,000 and 408,000, and the best known values 
now are not far from 7,000,000 and 406,000, corresponding to changes 
of — 0".106 and + 0".092 in the motion. 

The evidence is, therefore, that Newcomb’s centennial precession 
requires a correction of nearly 1".0 to satisfy the mass of proper 
motions referred to the present fundamental system. This evidence 
is deduced mainly from the periodic terms over the sky, and is un¬ 
certain by, say, a fourth of its amount. It is necessary to examine 
as to whether a change of this amount is consistent with other con¬ 
stants and theoretical relations in the present system. 

All observations as made are apparent places, they must be reduced 
using precession, nutation, aberration, obliquity, and so on, and these 
and other constants are inseparable from the final star places. The 

* Boll. Astr. Inst. Netherlands No. 298. 1937. 
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value of the precession now in use is 0".8 larger than that used in the 
tables of the planets. The constants enter into the planetary tables 
in many ways. The mean longitudes, the longitudes of perihelion 
and node, are all carried forward with precession. The ephemerides 
of the planets have these constants in them. The different values of 
the constants used in the old ephemerides and in reducing the old 
observations produced uncertainties in the comparisons of observa¬ 
tions so that it is often necessary to carry back the present tables and 
recompute ephemerides of comparison in order to get the old observa¬ 
tions uniform with the new. 

The precession in most star catalogs for the last 40 years has be¬ 
come such an integral part of the proper motions, investigations and 
system of fundamental constants that it would be very confusing, and 
inadvisable, to make a change until a revision of the whole planetary 
and fundamental system is made. 

De Sitter 14 thinks “a revision of our official system of fundamental 
constants has become desirable, such a revision, however, should not 
be piecemeal but embrace the whole system. It is of much greater 
importance that the value of a fundamental constant should be 
exactly defined than that it should be the best available at the 
moment. The secular retardation of the rotation of the Earth should 
be taken into account in the construction of the system of fundamental 
constants, also the relativity theory in the precession of the equinox 
and motion of the planets.” De Sitter and Brouwer have published a 
classical paper 21 on the theoretical relations among the various con¬ 
stants and reduction elements in the planetary and coordinate system, 
together with numerical values of the constants, including the secular 
accelerations in the longitudes of the Sim and Moon, the fluctuation 
in the Earth’s rotation, and the relativity effects. 

NEW WORK 

We may now look forward to proper motion solutions based on the 
new system, and using a new and large amount of material now 
becoming available. The motions of 14,000 reference stars spaced 
over the northern hemisphere just observed for the revision of the 
A. G. catalogs and rigidly reduced to the FK3 basis will soon be avail¬ 
able for discussion, and this should be valuable also on account of 
its homogeneity. Recent observations at Cape of 15,000 stars spaced 
over the southern hemisphere are now ready for publication. Also 
the photographic observations of all stars in the sky to the 9th magni- 

“ Bull. Astr. Inst. Netherlands No S07. 1938. 
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tude and fainter will before long furnish motion of upwards of 200,000 
stars. Schlesinger 22 suggested 20 years ago that fully 100,000 highly 
accurate proper motions are required to settle problems that are at 
present urgent. In the future it may be possible to repeat the Astro- 
graphic program, and by means of definitive motions of the A. G. 
reference stars compare the new and old for mass motions of faint 
stars. 

The growth of stellar dynamics has greatly enlarged the demand 
on standard observations which now become more concerned with 
precision measures relating to objects in all parts of space. The 
general stellar motions become in turn of vital importance in im¬ 
proving the coordinates of reference and the motions in the solar 
system. In the solar system the determination of the distances of 
the objects forms a most important part of the problem; the same is 
true in the general problem of stars; but for determining the co¬ 
ordinate planes and directions, the distances of the stars are con¬ 
sidered only in connection with solar motion. The parallaxes of 
the stars have a greater uncertainty in them than the proper motions. 

As planetary motions may be determined only by reference to posi¬ 
tions of the stars, and the star places are in turn defined with refer¬ 
ence to coordinates determined from the planets, continuous observa¬ 
tions are required both of the planets and of the stars. 

The observations since Newcomb’s time are sufficient to double the 
weight of his planetary results, and proceeding with the new funda¬ 
mental star places and the modem observations of the Sun and 
planets, we now look forward to a general improvement in the motions 
and constants of the solar system. Already for some of the planets 
the reductions are underway. The observations of the Sun, Mercury, 
and Neptune have been reduced and discussed—those of the Sun in 
many ways. The results show a real correction to the Earth’s ec¬ 
centricity, and this, with the fluctuation in its longitude, gives a cor¬ 
rection to the Sun’s longitude at present as follows: 

DL = + 1".00 + 0".30 sin (a - 135°) 

For work on definitive orbits the solar coordinates should be cor¬ 
rected by this amount at present. Corrections to the mean longitudes, 
the motion of the obliquity, the mass of Venus, and the mass of the 
Moon have been found. Rediscussions of the observations of Venus 
and Mars are necessary for information as to the masses of Mercury 
and Venus, as well as for the motion of the Earth. The theories of 

» Publ. Am. Astr. Soc. 4: 344. 1923. 
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Neptune and Uranus are being revised. A value of the mass of the 
Moon and of the nutation constant will result from the Eros parallax 
work. 

Important independent information as to the positions of the co¬ 
ordinate planes among the stars may be expected from the accurate 
study of a group of minor planets now being carried out by Brouwer, 
using photographic observations. 

SUMMARY 

1. The basic catalog for all fundamental work is the FK3, which 
represents the nearest approach to a true system at present. 

2. The catalog best adapted for general catalog comparisons is the 
GC, which contains a large number of positions and motions on a homo¬ 
geneous system. This catalog has well established errors, corrections 
for which are published, and should be used. 

3. Modem observations require a correction to Newcomb’s equinox 
of 0®.04, or 0*.05, and such corrections have been incorporated in 
present catalogs. Newcomb’s motion of the equinox referred to the 
clock stars is the motion that best satisfies the observations of the 
Sun, Moon, and planets. 

4. Newcomb’s centennial precession requires a positive correction 
of approximately 1".0 to satisfy general solutions from proper motions 
corrected for systematic errors, solar motion, rotation and streaming. 

5. The positions of the equator and ecliptic are probably known 
within 0".2. The equator and equinox are defined by the FK3 system. 

6. Modem observations are furnishing considerably more accurate 
determinations of certain elements of the reference system than were 
possible a few decades ago. 

7. The planetary observations are being investigated for corrections 
to elements, constants and masses. Fluctuation and relativity effects 
are taken into account. Theory is being revised for some of the 
planets. 

8. The theoretical relations between the constants and elements in 
the fundamental system have been given by de Sitter and Brouwer. 

9. It is not advisable to make changes in the constants until the 
whole fundamental system can be revised. 



THE REFERENCE SYSTEM WITH A VIEW TO 
PLANETARY DYNAMICS 

By Dike Bbotjwer 

From the Yale University Observatory, New Haven, Connecticut 

The current interest in the use of minor planets for the improve¬ 
ment of the systems of fundamental catalogs was initiated by a 
statement made by Sir Frank Dyson at the Leiden Meeting of the 
International Astronomical Union. 1 Dyson recommended observa¬ 
tions of Vesta for the purpose of checking the equator point of 
transit instruments. 

Dneprowsky 2 and Subbotin 3 extended Dyson’s suggestion, and 
recommended that observations of Vesta, Ceres, Pallas, and possibly 
Juno be included in fundamental meridian circle programs. While 
Dneprowsky considered the use of the minor planets for the improve¬ 
ment of the fundamental declinations only, Subbotin emphasized their 
importance for the determination of the equinox correction. 

Numerov 4 * chose ten asteroids with small inclinations and small 
eccentricities, and recommended their observation with both meridian 
circles and photographic telescopes. Like Dyson and Dneprowsky 
he was principally interested in the improvement of the declination 
system. 

A study of the problem, which was stimulated by Numerov’s paper, 
led me to propose a plan 8 of observing selected minor planets for the 
purpose of obtaining systematic corrections to both right ascensions 
and declinations within the zone of the sky between declinations -f 30° 
and — 30°. The minor planets for this program were chosen prin¬ 
cipally with a view to having this half of the sky covered as uni¬ 
formly as possible by the observations during a ten-year program. 
The original list contained fourteen minor planets. To these have 
been added two additional ones, (27) Euterpe at the suggestion of 
Dr. Keivin Bums, and (433) Eros at the suggestion of Dr. G. Stracke. 

The present program consists of observations of the following 
planets: 

1 Trans. Intern. Astr. Union 3:227. 

*BoJl. Obs. Oentr. Poulkovo 13 (1): 1932, 

* Poulkovo Obs. Circ. No. 3. 1932. 

4 Bull. Inst. Astr. Leningrad No. 32. 1933. 

1 Astr. Jour. No, 1022. 1935. 
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No. 


i 

<p 

a 

1 

Ceres. 

. 10°.6 

4°.5 

2.77 

2 

Pallas. 

. 34 .8 

13 .6 

2.77 

3 

Juno. 

. 13 .0 

14 .9 

2.67 

4 

Vesta. 

. 7.1 

5 .1 

2.36 

6 

Hebe . 

. 14 .8 

11 .7 

2.43 

7 

Iris. 

. 5 .5 

13 .3 

2 39 

12 

Victoria. 

. 8 .4 

12 .7 

2 33 

25 

Phocaea. 

. 21 .6 

14 .8 

2.40 

27 

Euterpe. 

. 1 .6 

9 .9 

2.35 

57 

Mnemosyne. 

. 15 .2 

5 .8 

3.16 

185 

Eunike. 

. 23 .3 

7 .4 

2.74 

216 

Kleopatra. 

. 13 .1 

14 .5 

2.79 

287 

Nephthys. 

. 10 .0 

1 .3 

2.35 

409 

Aspasia. 

. 11 .3 

4 .1 

2.58 

433 

Eros. 

. 10 .8 

12 .9 

1.46 

532 

Herculina. 

. 16 .3 

10 .3 

2.77 


Photographic observations were commenced in April, 1935, at the Yale 
Station in Johannesburg. In September, 1935, the Allegheny Ob¬ 
servatory began its cooperation in this work. From that time on, 
Dr. Keivin Bums has given the program his most enthusiastic sup¬ 
port. Shortly afterwards Dr. G. van Herk of the Leiden Observatory 
began a series of observations, first with the meridian circle, 6 later 
with the 13-inch photographic refractor. 7 

Owing to this cooperation the program has grown from a tentative 
scheme to an undertaking of considerable size. After six years of 
work it is not yet possible to make any claims for the degree of suc¬ 
cess that we may expect. So far as our evidence goes, there is every 
reason to believe that the results will justify our efforts. 

Yale Observatory has undertaken the measurement and reduction 
of all the plates, with the exception of those secured at Leiden. This 
work, which involves the measurement and reduction of some 600 
plates a year, added to that of providing search ephemerides, secur¬ 
ing accurate orbits, and making the discussion of the observations 
was a heavy burden to assume. We are, therefore, greatly indebted 
to the Carnegie Institution of Washington whose substantial financial 
support is enabling us to proceed "with the program without danger¬ 
ously retarding the progress of other research projects of the Ob¬ 
servatory. 

In the present paper an attempt is made to discuss the various 
problems that are presented by this program. In earlier sections 


•BAN 8: 35,202. 1937. 

7 BAN 9:37, 163. 1940. 
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questions of more fundamental and theoretical nature are considered, 
then follows a presentation of the more practical details of the work. 

THEORETICAL FOUNDATION OF THE METHOD 

The theoretical possibility of a dynamical foundation of the refer¬ 
ence system has long been recognized. The first extensive practical 
application of this method was made by Newcomb in his well-known 
discussion of the observations of the Sun, and the planets, Mercury, 
Venus, and Mars. 8 This approach to the problem of defining a 
reference system has, therefore, been justly called Newcomb’s method. 
A first outline of the procedure followed in his Astronomical Con¬ 
stants was written in 1882,® but as early as 1877 Newcomb must have 
had a comprehensive plan of the work that was to occupy him 
for thirty years, and that constituted his greatest contribution to 
astronomy. Newcomb’s discussion of the observations of the Sun, 
Moon, and principal planets has been continued by astronomers con¬ 
nected with the observatories at Greenwich, the Cape of Good Hope, 
and Washington, but no complete discussion of the numerous accurate 
observations accumulated since Newcomb’s time has yet been made. 

The principle of the method is most clearly stated in the case of 
the Sim. 10 For simplicity, assume that meridian circle observations 
permit the determination of absolute declinations in a zone near the 
equator, say 30° on either side, with errors that do not depend on 
the right ascension. In this case the observed declinations in a 
series of observations require either a constant correction or one 
that may depend upon the declination. 

Now if the Sun be supposed to move in a fixed great circle in 
the sky, and if the obliquity of the ecliptic be e, the observed declin¬ 
ations give rise to an equation obtained by differentiation of the 
relation 

sin 8 = sin « sin A, 

namely, 

A8o + cos a sin e dA. + sin a de = (0 — C)s- 

The added term in the left-hand member determines the correction 
to the equator point. Its interpretation is that the observed declin¬ 
ations require the correction — A8<>; thus 

_ & true — Sobs A8o. 

* The Elements of the Four Inner Planets and the Fundamental Constants of Astronomy, 
1895. (*> Astronomical Constants.) 

• Astr. Pap. Am. Eph. 1: sdi-xiv. 

» Astr. Const. 15-17. 
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The correction dA is the correction to the Sun’s absolute true longitude, 
i. e., the Sun’s longitude counted from the intersection of the ecliptic 
with the equator. 

If the Earth’s motion around the Sun may be represented by an 
elliptic orbit, there will be four constants that determine the motion 
of the Sun in the ecliptic, namely, 

the mean motion, »', 

the mean longitude at epoch, Iq', 

the eccentricity, e', 

the longitude of the perihelion, ir'. 

Since the correction to the mean motion is small, one may ignore 
this unknown if the period covered by the observations is short enough. 
For the Sun Newcomb used groups of from four to eight years. 
The declination observations thus require the introduction of five 
unknowns, 

A8 0 , de, dl', de', e'dir. 

The practice of observers with the meridian circle is to base their 
right ascensions on the assumed right ascensions of a set of clock 
stars. From the formula 


tan a = cos e tan A 

in which a, A are the absolute right ascension and absolute true 
longitude respectively, i. e., both counted from the intersection of the 
ecliptic with the equator, one obtains: 

Aao + cos e sec 2 8A — % sin £ sin 2 A sec 2 8e = (0 — C) a . 

The added term in the left-hand member represents the correction 
to the right ascension system of the clock stars, so that 

Qtrne —— dobs — Ado. 

The usual definition of equinox correction is E — — Aao, the equinox 
correction being the correction that must be applied to the right 
ascension system of the clock stars. 11 

If again the three unknowns dl', de', e'dir are introduced to replace 
dA, it appears that the equations from the observations of the Sun’s 
right ascension will require the introduction of the five unkn owns 

Aao, de, dl', de', e'dir'. 

ii Hevcomb, “Compendium of Spherical Astronomy,” p. 329. 



BROUWER: PLANETARY DYNAMICS 


137 


It is therefore possible to make one solution which includes both the 
right ascension and the declination observations of a given series, and 
obtain the six corrections, 

Ado, A8o> de, dV, do', ddif. (A) 

It is immaterial that this procedure is never followed in detail. 
The principal reason is that some advantage is gained by dealing 
separately with the right ascensions and the declinations. Moreover, 
since the corrections de, de', e'diS are small, and since the first of 
these has a small coefficient in the a-equations and de', e'dw have 
small coefficients in the 8-equations, the solution of the system of 
equations can be broken up into two separate solutions, with three 
unknowns in each: 

a-equations, c = Aao + dl', de', e'd tt', 

S-equations, A8 0 , de, dV . 

The combination c = Aao + dV, which may be considered to represent 
the apparent correction to the right ascension of the Sun relative to 
the assumed right ascensions of the clock stars, is introduced because 
the coefficient of dV in the a-equations is so near unity that a separate 
determination of the unknowns Aao and dV from the a-equations alone 
is impossible. 

In a similar way one may consider the observation equations in 
right ascension and declination of a planet. In this case, however, 
the computed geocentric coordinates of the planet depend on both 
the geocentric coordinates of the Sun and the heliocentric coordinates 
of the planet. The observation equations will, therefore, contain 
in addition to the six unknowns (A) six corrections to the elements 
of the planet’s orbit which may be called dc t , i = 1 ... 6. A pos¬ 
sible set would be: 

dZ, dn, de, edn, dJ, sin J dN, (B) 

where J and N are the inclination of the orbital plane with the 
equator and the longitude of the ascending node on the equator, and 
n the longitude of the perihelion counted along the equator to the 
ascending node of the orbit on the equator, and from this node to 
the perihelion. 

In applying this method of solution to more than one planet simul¬ 
taneously some modification of procedure may be desirable. The 
unknowns of set (A) occur in the equations for all planets, whereas 
the unknowns (B) are diff erent in the case of each planet. A satis- 



138 


ANNALS NEW YORK ACADEMY OF SCIENCES 


factory procedure would be, therefore, to transfer the unknowns (A) 
to the right-hand member, and to obtain from the solution the cor¬ 
rection to the orbital elements of the planets as the sum of an abso¬ 
lute term and six terms containing the corrections (A), namely, 

Ci = Cf f o 4~ c u Acto 4" ty ,2 ASo 4* c^s dc -j - Ci,4 dl' -f- de' 4“ Ct^e e'dif. 

Substitution into the observation equations for all the planets will 
then produce equations with the unknowns (A), which can be ob¬ 
tained in one solution from all observation equations of all planets 
combined. 

From the point of view of the determination of systematic cor¬ 
rections to star positions the corrections to the orbital elements are 
of only intermediary significance; the final results may be considered 
to be the values Acto, A8 0 , and the residuals obtained by substitu¬ 
tion of the final solution into the observation equations. A study of 
the distribution of the residuals over the regions of the sky covered by 
the observations will yield a possible solution for the systematic cor¬ 
rections to the star positions of the fundamental system to which the 
observed positions have been reduced for the mean epoch of the ob¬ 
serving program. 

If the method of least squares is used, the solution is that for which 
the sum of the squares of the deviations of the derived values for the 
corrections to the right ascensions and declinations from constants, 
— Aa 0 , — A 8 0 , is a minimum. This is not necessarily the true solu¬ 
tion. However, the procedure recommends itself by its simplicity, 
and it seems that this should be the first step toward the definitive 
solution. 

An alternative procedure would be to introduce formally, instead 
of Ado, A8 0 , the expressions 

— Acto = do 4“ fl i cos a 4- &i sin a 4- a 2 cos 2a + &2 sin 2a, 

— A 80 = ao' 4- a i cos a 4- W sin a 4- Qq cos 2a 4- W sin 2a, 

the coefficients 0 $, bi, a {, b{ being unknowns, to be determined by the 
solution. One may even consider introducing different sets of un¬ 
knowns for different zones of declination. The obvious objection to 
this form of solution is that too many unknowns would cause excessive 
complications, and might produce results of no real significance. It 
is useful in a general analysis of the problem to consider, at least 
theoretically, this representation of Acto, A80. Such considerations 
should be used in deciding upon the nature of the further approxima¬ 
tions to the definitive solution. 
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The procedure outlined in the preceding sections can be followed in 
the discussion of observations of planets made with meridian circles 
and of observations made differentially with an equatorial telescope. 
The essential difference between the two classes of observations is 
that with a meridian circle it is possible to derive absolute declina¬ 
tions; owing to the rotation of the Earth the optical axis of the instru¬ 
ment traces on the celestial sphere parallels of declination. 

DISCUSSION OF AN INDETERMINATENESS 

In the case of purely differential meridian circle observations, and 
more especially, in that of observations with a photographic equa¬ 
torial, no use is made of the rotation of the Earth. In fact, the last 
trace of this, namely the parallax, is eliminated in the comparison of 
the observations with ephemeris positions. It is thus evident that 
there is no possibility of tracing the equator among the stars from 
differential photographic observations of planets. 

As a simplified model, one may consider observations of a planet 
as fixing the direction of the line joining one point, the center of the 
Earth, with another point, the center of the planet. Both points 
move on ellipses in their own orbital planes. The observations will 
determine these two orbital planes, namely, the ecliptic and the 
planet’s orbital plane. The fact that the motions satisfy the equa¬ 
tions of elliptic motion provides the possibility of measuring arcs in 
the sky. 

The equatorial system of coordinates is merely of intermediate 
significance in the case of differential observations. It would, in fact, 
be simpler in many respects if the observations were made in an 
ecliptic system of coordinates of reference stars. In practice, one 
assumes for the equator a great circle among the stars that agrees as 
nearly as may be with the curve 8 = 0, as inferred from the star posi¬ 
tions of the fundamental catalogue at the epoch of observation. In 
work on minor planets it is convenient to use the standard equinox 
and equator of 1950.0. The right ascensions of the catalog deter¬ 
mine on this great circle a zero-point, the equinox of the catalog 
for 1950.0. The fundamental catalog thus defines a rectangular 
equatorial coordinate system XYZ among the stars. Suppose now 
that, in order to obtain the true equatorial system, rotations da i about 
the X-axis, do> 2 about the F-axis, and da s about the Z-axis are re¬ 
quired. These rotations produce the following corrections: 
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to the right ascensions of equatorial stars: 

E = da — + da 2 cotan e — das, 
to the declinations of equatorial stars: 

dS = — da>i sin a + da 2 cos a, 
to the obliquity of the ecliptic: 

dt — — da i. 

Let the corrections that should be applied to the star positions of the 
fundamental catalog near the equator be 

da = a 0 + °i cos a + hi sin a + a 2 cos 2 a + b 2 sin 2 a, 

d8 = Oo' 4- Oi cos a + hi' sin a + a 2 cos 2 a + b 2 sin 2 a. 

The impossibility of determining the plane of the equator from dif¬ 
ferential observations is equivalent to indeterminateness of the rota¬ 

tions da i, da 2 . These rotations produce in <28 terms of the form 
Oi' cos a + bi sin a. Such terms, therefore, cannot be obtained from 
the solution. Assume that the solution is made by ignoring a/, bi'. 
The equinox correction so obtained will require the correction -f- a/ 
cotan e, and the obliquity of the ecliptic the correction + W. The 
coefficients a/ = + da 2 , b\ =. — da i can be obtained from meridian 
circle observations only. 

There does not appear to exist any further indeterminateness of 
this nature. Numerov’s 12 numerical test indicates a satisfactory de¬ 
terminateness of the coefficients a 1} b u in da. This test also gave a 
numerical indication of the indeterminateness of the coefficients a/, 
hi'. He made an attempt at an algebraic analysis of the problem a 
few years later. 18 Unfortunately the algebraic treatment leads to 
complicated relations whose interpretation is difficult. 

The limitation of the determinable systematic corrections to star 
positions is not as serious as may be thought at first sight. Differ¬ 
ential planetary observations do determine the plane of the ecliptic 
among the stars, and may fix an arbitrary zero-point for counting 
longitudes in the ecliptic by the nodes and perihelia of planetary 
orbits. The relation between such an arbitrary zero-point and the 
equinox remains unknown. The laws of motion permit the absolute 
measurement of arcs in the sky. Therefore, differential planetary 
observations enable us to determine absolute ecliptic coordinates of 

» Boll. Inst Aster. Leningrad No. 32. 1932. 

» Aster Nachr. No. 6234. 1936. 
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star positions. With a view to the ultimate purpose this is equally 
satisfactory as an absolute determination of equatorial coordinates. 

This ultimate purpose is the determination of systematic corrections 
to proper motions, rather than to star positions at one epoch. This 
requires a second determination at a distant epoch, say, a repetition 
of a similar program forty or fifty years in the future. It may not 
be necessary to wait so long before making some progress. Perhaps 
much information is latent in the numerous scattered observations 
of minor planets during the past one hundred and forty years. The 
latter approach should at least be given a trial. 

The determination of absolute proper motions necessarily requires 
a dynamical evaluation of the secular motions of the ecliptic, and 
of the orbital planes and the perihelia of the planets. It is the same 
problem as that treated by Anding, 14 Bauschinger, 15 and others for 
the four inner planets on the basis of Newcomb’s results. In the case 
of the principal planets the determination is weak on account of the 
small inclinations and small eccentricities. Minor planets, especially 
those with large inclinations and large eccentricities, are more 
favorable. 

Two essential questions remain. Are the planetary masses known 
or can they be determined with sufficient accuracy to permit the 
dynamical determination of the secular motions with the required 
precision? May the theory be assumed to give the correct secular 
motions? 

For a long time contradictory results were obtained for the mass 
of Venus, and this produced a serious uncertainty in the theoretical 
motion of the ecliptic. This question has recently been brought close 
to a satisfactory solution by Clemence and Scott. 16 As a whole there 
appears to be satisfactory agreement between the observed and the 
theoretical values for the secular variations of the four inner planets. 
There is, therefore, every reason to expect that the same will also 
apply to the secular variations of the minor planets. 

SEPARATION OF THE CORRECTIONS TO THE 
ORBITAL ELEMENTS 

The corrections to the elements of the planetary orbits and to those 
of the Earth’s orbit enter as unknowns of an intermediate nature in 
the solution of the problem. A question to be considered is whether 

U Sue. Math. Wise. 6 (2A): 13. 

» Enc. Math Wlss 6 <2A): 889 

» Publ A.A.S 10:121. 1941. 
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these unknowns can be obtained with sufficient weight. As is well- 
known, a minimum of four oppositions is required for a proper deter¬ 
mination of the six elements of an orbit. In a ten-year program the 
number of oppositions of a minor planet is seven or eight. Yet, even 
from such a series of observations, the mean motion of the planet may 
not be sufficiently separated from the other unknowns. In order to 
strengthen the solution it is our intention to continue the program 
for two or three oppositions beyond 1945, taking only a sufficient 
number of plates in the neighborhood of the date of opposition to 
secure a single strong normal. Also, it is our plan to collect miscel¬ 
laneous published observations prior to 1935, and as far back as 1924, 
to fur nish a few normals for these earlier years. The latter will have 
relatively low weight, but, on account of the large coefficient of the 
correction to the mean motion, they will strengthen the determination 
of this unknown. 

Two unknowns that are notoriously poorly separated if the observa¬ 
tions of a planet are limited to times near opposition are the correction 
to mean longitude of the Sun and that to the mean longitude of the 
planet. This problem has been discussed by Numerov. 17 Ross 18 ex¬ 
perienced this difficulty in his discussion of observations of Mars. 

The only way to arrive at a proper separation of these unknowns 
is to have the observations extend from well before to well after the 
date of opposition. In most cases the practical limits are from four 
months before to four months after opposition; in each specific case 
the limits are affected by season and declination. 

Suppose that N observations are uniformly distributed in tim e from 
three months before to three months after opposition. From an 
average opposition of two planets on the program, the following 
weights are obtained if dl, dl' are the only unknowns considered. 

(12) Victoria (57) Mnemosyne 
weight of dl 0.29 N 0.22 N 

” ” dl' 0.032 N 0.0141V 

A linear combination of dl and dl' can be determined with excellent 
weight; namely, 

weight of dl — dl' 2.0 N 1.6 N 

w 

the weight of dl' remaining the same. 


17 Astr. Jour. No. 1047. 1936 

11 Astr. Pap. Am. Eph 9 (11). 
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Notwithstanding the low weight with which the correction to the 
Sun’s mean longitude is determined from a single opposition of a minor 
planet, since this unknown occurs in the observation equations of all 
planets, the total weight of this unknown as obtained from the entire 
program may yet correspond to a significant determination. How¬ 
ever, an accurate determination of this unknown is not an essential 
requirement. The weight is greater for planets with smaller semi¬ 
major axes, and less for planets with greater semi-major axes. On 
this account the planet Eros will be particularly valuable. The two 
planets for which the approximate weights are here given are, with the 
exception of Eros, the nearest one and the most distant one on the 
program. 

The linear combination of dl and dl' chosen is dl - ; dl'. This 

n' 

combination is determined with almost the maximum weight. The 
advantage of the use of this unknown is that this linear combination of 
dl and dl' will remain constant even if, owing to changes in the rate 
of rotation of the Earth, the corrections to the mean longitudes of the 
Sun and of the planets should change proportionately to their mean 
motions. 

So far in this discussion it has been assumed that the orbits of the 
Earth and of minor planets are fixed ellipses in fixed orbital planes. 
The addition of perturbations does not introduce essential complica¬ 
tions. The rectangular equatorial coordinates of the Sun, referred 
to the equator and equinox of 1950.0, and published in the annual 
volumes of the national ephemerides are satisfactory for computing 
geocentric coordinates of minor planets with the exception of Eros at 
close approaches to the Earth. The minimum distance of the other 
minor planets on the program is in no case much less than one 
astronomical unit. Since the correction to the elements of the Earth’s 
orbit are included among the unknowns to be determined from the 
observation equations, it was decided not to apply corrections to the 
Sum’s rectangular coordinates. 

COMPUTATIONS OP THE ORBITS 

For the minor planets rectangular coordinates have been computed 
by numerical integration. Cowell’s method is used, and all the 
definitive integrations are made with the Hollerith Machines of the 
Thomas J. Watson Astronomical Computing Bureau at Columbia 
University. The method has been explained in detail by Dr. W. J. 
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Eckert. 19 An interval of ten days is used, and the computations are 
made to the ninth decimal place in astronomical units. This method 
of machin e integration makes possible the handling of such large com¬ 
putations as are required for this program. It was, indeed, fortunate 
that Dr. Eckert had just developed this method at the time when the 
program was undertaken. Otherwise, the amount of computation 
might have appeared too formidable. 

Many of the orbits were known only with large uncertainties, and 
a great amount of work was required before sufficiently accurate 
orbits, even for search ephemerides, had been obtained. 

At the present stage of the work numerical integrations for most 
of the planets on the program have been completed for the years 1932 
to 1948. So far (433) Eros has been omitted. The work on four 
other planets is still in progress. The integrations are now being 
extended backward to 1924. At that stage we shall have fairly ac¬ 
curate orbits, covering about 24 years, and representing the geocentric 
positions of the planets within a few minutes of arc. These orbits 
have been computed with planetary perturbations that were obtained 
with approximate rectangular coordinates. The next step will be to 
make orbit corrections by comparison with observations, i. e., a selec¬ 
tion of scattered observations made between 1924 and 1935, and as 
many oppositions of our own program as are available. A new in¬ 
tegration will then be made with improved starting values and exact 
perturbations. It is expected that in all but one or two cases these 
new orbits will satisfy all requirements for the final comparison with 
observations. 

Posable sources of inaccuracy in these orbits need special attention. 
They are: uncertainties in planetary masses, the omission of the 
individual attraction by Mercury, and the effect of rounding off errors 
in the numerical integrations. 

Since only perturbations of relatively short periods need be con¬ 
sidered, there will be few terms with sufficiently large coefficients to 
be affected by a change in planetary masses. This point may be 
dealt with either by an approximate general theory, or by the method 
of special perturbations. In the case of Mercury general perturba¬ 
tions may be obtained. The principal effects are due to the indirect 
term in the disturbing function. These questions have not yet been 
exa m ined fully. It is my guess that they are not of vital importance 
to the essential problem that concerns us. If they were ignored com¬ 
pletely I would expect that the effects upon the individual planets 

» Punched Card Methods In Scientific Computation 1940. 
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would practically cancel each other in the end, and that only a slight 
increase in the probable errors would result. 

The question of the accumulation of errors in numerical integration 
is one of considerable interest in this work. I found 20 that the only 
serious accumulation is in the mean longitude, and that the error 
produced after n steps of integration has a mean value, in radians, 
and in units of the last decimal place, 



In the present case the unit is 10 -9 radians = 2 X 10 -4 seconds of arc. 
Since the mean date of the observations will be about 1940, we shall 
have, by backward and forward integration, for an average asteroid 
with a = 2.75: 

1940 to 1924 n = 584 mean error 0".51 (in 1924) 

1940 to 1948 n = 292 ” ” 0 .18 (in 1948) 

The resulting mean errors appear somewhat larger than may be 
tolerated. However, the orbit correction will absorb part of the errors, 
and the accuracy may, in fact, be entirely acceptable. Some modifi¬ 
cation in the method may be introduced for the final integrations in 
order to diminish the amount of accumulation. Several devices are 
available; experiments are being considered to decide upon the most 
suitable method. 

METHOD OF REDUCTION OF THE OBSERVATIONS 

The most direct method of reduction, namely the measurement on 
a short-focus plate of asteroid and General Catalogue stars had to 
be rejected for two reasons: first, the great difference in magnitude 
between the GC stars and some asteroids, especially when far away 
from opposition; second, the large probable errors of the GC stars 
if brought up to the present time. 

Instead it was decided to use the AG stars as intermediate stars. 
For these stars recent photographic positions are now available in 
some declinations, and will be available in all declinations between 
+ 30° and — 30° at the completion of the program. 

If the telescope is powerful enough to show the faintest asteroids, 
a direct measurement of the asteroid with respect to the AG stars is 


» Astr. Jour. No. 1072. 1987. 
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the most satisfactory method. This procedure is followed at Leiden, 
where an excellent set of observations has been secured with a photo¬ 
graphic telescope with aperture 13 inches and focal length 17 feet. 

A more complicated procedure is followed at Johannesburg and 
at Allegheny and New Haven. On account of their small field the 
long-focus telescopes at Johannesburg and at Allegheny show, as a 
rule, fewer than three AG stars. The five-inch Ross cameras at 
Johannesburg and at New Haven are not fast enough to show the 
fainter asteroids. By a combination of a long-focus telescope and 
a short-focus camera satisfactory results are obtained. 

At Johannesburg the Ross camera is mounted on the tube of the 
long-focus telescope. There the field plate, i. e., the plate taken with 
the short-focus camera, is secured simultaneously with the long-focus 
plate on which the asteroid shows. At New Haven are obtained the 
field-plates required for the reduction of the long-focus plates secured 
at Allegheny Observatory. Many of these plates are taken afterwards, 
sometimes a year after the date of the Allegheny plate for which 
it is to serve. In all cases the hour angles at Allegheny and New 
Haven are the same within narrow limits. 

The procedure is then to measure on the long-focus plate the asteroid 
and a minimum of three, but usually four, faint comparison stars 
of eleventh magnitude approximately. These stars are just bright 
enough to show good measurable images on the field plate. They 
are measured on the field plate, together with five or six AG stars. 

The asteroid position on the long-focus plate is then transferred 
to the field plate as follows: Let the coordinates of the comparison 
stars on the long-focus plate be X } , Y„ and on the field plate 
x„ y } . Let the asteroid’s coordinates on the long-focus plate be 
X A , Ya- Choose dependences D, such that, on the long-focus plate 

X A =[D ) X j ] ) Y A =[D,Y i ]. 

If the plate showing the asteroid has the same center as the field plate, 
the rectangular coordinates of the asteroid transferred to the field 
plate will be: 

Xa= y A = [D,y,1. 

Call this the fictitious asteroid position on the field plate. Now 
, select AG stars, with rectangular coordinates y tl and choose 
dependences D t , such that 

= [Dt*,], y A = [D t y,]. 

This refers the asteroid position to the AG stars on the field plate. 
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Actually the dependences do not have to be exact. As a rule we 
take two or three exposures on the long-focus plate, and two exposures 
on the camera plate. On account of the motion of the asteroid it 
would be necessary to use a different set of dependences for each 
exposure. This is actually the method used at Leiden, and it has 
some advantages. Our procedure is to use approximate dependences, 
and to obtain the offset: say 

x A = [Axj+n., 

Y a = [D,Y,] -f- N v . 

This requires fairly accurate orientation of the plates. As a rule, 
however, the error of orientation is small and the offsets are kept 
quite small. Those cases that have been examined in detail show no 
errors greater than 0".03 due to this cause. 

The same field plate sometimes serves for the measurement of two 
or even three long-focus plates. We permit an angle up to about 1° 
between the centers of field plate and long-focus plate. This an gle* 
causes correction terms in the fictitious position of the asteroid on 
the field plate. They are of the same nature as the tilt terms in the 
reduction of photographic plates, and can be easily applied. Namely, 
if X c , Y 0 are the coordinates of the plate center, and 

S= (X A - X 0 ) 2 - [L,(Z,-X,) 2 ], 

T = (X A — X c ) (Y a - Y 0 ) - [D,(X, - X c ) (Y } - y„)], 

U = (Y a — Y C V - [D,{Y,- Y 0 )*], 
there are correction terms 

pS 4- qT in x A , pT + qU in y A . 

where p, q are the components of the angle between the centers of the 
two plates. 

The transformation to right ascension and declination is made by 
Schlesinger’s method. 21 Requirements of our program made it desir¬ 
able to modify the method in details. Instead of obtaining corrections 
to the second order only, it was necessary to include third order cor¬ 
rections in practically all cases, and fourth order terms whenever 
the distances of stars from the center exceeded 50 mm. in either co¬ 
ordinate. Next, it appeared simpler to express the correction terms 
in the differences between the rectangular coordinates of the measured 
object and the plate center, rather than in terms of the difference in 

■'Astir Jour. No 874. 1926. 
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a and 8. The reduction is somewhat involved. Construction of 
auxiliary tables for the third and fourth order terms has been under¬ 
taken but has not yet been completed. The inconvenience is that 
the corrections depend on the declination of the center and that 
therefore different tables for different declinations must be computed. 

ESTIMATE OF THE ACCURACY OF THE OBSERVATION 
In order to estimate the probable error of asteroid positions so ob¬ 
tained, assume that on a field plate six AG stars are measured, and let 
the catalog probable error be ei in each coordinate, and the probable 
error of measurement eo- Suppose there are four comparison stars 
in common between the long-focus and field plate, and let the probable 
error of measurement of these stars on the field plate be to, and on 
the long-focus plate Eo. Let the asteroid be measured on the long- 
focus plate with probable error E 0 . With the dependences D } , A as 
introduced above one obtains for the probable error of the asteroid, t, 

«• = ei 2 [A 2 ] + co 2 [A 2 + A 2 ] + Eo 2 (1 4- [A 2 ])- 

With ti = 0".15, to = 0".15, Eo = 0"05, and on the assumption of an 
ideal distribution of stars, such that all A = 1/6, all Dy = 1/4, and 
thus [A 2 ] = 1/6, [A 2 ] = l/ 4 ) the result is: 


c = 0".13. 

If the asteroid is measured directly on the field plate, the expression 
is simplified, namely, 

e 2 = «o 2 + (« 0 2 + ei 2 ) [A 2 ]. 

On the same assumptions the calculated probable error is 

e = 0".17. 

One may conclude that the position of an asteroid obtained from a 
combination of long-focus plate and field plate has approximately 
twice the weight of a position obtained directly on a camera plate. 

Only a few series of observations have so far been reduced com¬ 
pletely with accurate orbits and accurate star positions. The most 
complete discussion was made of a series of observations of Geres 
in the year 1936. In this series observations at Johannesburg and 
at Allegheny were available. The probable errors obtained are of 
the same order as those computed in this section, but additional long 
series of both faint and bright asteroids must be discussed before a 
reliable determination of the average probable error can be made. 
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Plate TUt and Differential Atmospheric Refraction 

The plate tilt and the effect of differential atmospheric refraction 
must be taken into account in order to avoid systematic errors in the 
positions of asteroids. 

The effect of plate tilt is negligible in the case of long-focus tele¬ 
scopes. At the Leiden Observatory Dr. van Herk has determined 
the effect of plate tilt by comparing positions obtained -with the 
telescope east of the pier with positions obtained with the telescope 
west of the pier, 22 reversing the instrument between exposures, and 
has found the tilt effect negligible. 

A similar procedure could be followed with the Ross-cameras. The 
adjustment of these cameras is left unchanged, but checked frequently 
by Schlesinger's optical procedure. 28 On a selection of plates a dozen 
AG stars are measured, of which eight are chosen as near the four 
comers as the measuring engine permits, and four near the center. 
Plate solutions which include quadratic terms are then made for the 
determination of the tilt. 

The reason for this caution is that the error due to the neglect of 
plate tilt is systematic, and it is our aim to eliminate as completely as 
possible all systematic effects, even if their amount is only a few 
hundredths of a second of arc. 

I discussed the effect of differential atmospheric refraction in the 
first outline of the program. 24 In order to be able to evaluate this 
effect we choose whenever possible AG stars of which the spectrum 
is known, and of which the spectral class is not earlier than AO and 
not later than K5. Even for such large differences as between the 
zenith distance at Johannesburg, (latitude — 26°), and Allegheny, 
(latitude +40°), the difference of the effect of atmospheric refrac¬ 
tion is found to be small, and can be evaluated only after elimination 
of the tilt error. 

»BAN 9: 163. 1940. 

23 Publ. Allegheny Obs S: 59. 1914. 

*< Astr. Jour 1022 1935. 




mean secular parallaxes of faint stars 

By Peter van de Kamp 

From the Sprovl Observatory, Swarthmore College, Swarthmore, Pennsylvania 

INTRODUCTION 

Cosmic distances are measured through reference to a characteristic 
of the cosmical object. The convenient characteristics are geometric 
or photometric, and thus the corresponding distances are measured 
relative to the observed value of a geometric segment or a photometric 
intensity. The distances may be expressed in absolute units if such 
can be done for the characteristic. 

The geometric segment may be an inherent property of the system, 
for instan ce orbital motion, but the most useful characteristic is the 
parallactic one, i. e. the reflex caused on the object by a known motion 
of the origin of observation. Here we have two possible choices, the 
secular motion of the earth as a member of the solar system, which for 
all practical purposes is rectilinear for several centuries, or the annual 
motion of the earth, a periodic perturbation in the secular motion 
caused by the sun. The annual parallactic motion is easily distin¬ 
guished from other effects, although orbital motion of the star may 
g nmpfimpa hamper immediate efforts at obtaining a value for the 
ft-nniml parallax. On the other hand the secular parallactic proper 
motion cann ot be distinguished from the residual proper motion of the 
star, and the observed proper motion of a star is a resultant of the two. 

It is clear tha t individual geometric distances can thus be obtained 
only by the ann ual parallax method. The results of modem photo¬ 
graphic observations in this field are well-known. 1 Thousands of 
parallaxes have been obtained at several observatories with an ac¬ 
curacy expressed by a probable error of about 0".01 for an individual 
determination, based on some 20 to 30 plates containing two or three 
exposures each. At present, attempts are being made to increase this 
accuracy by using a much larger number of plates; a probable error 
of 0".003 has thus been reached for some stars. Such extended series 
of plates may also shed light on the problem of systematic errors by 
not limiting the observations to large parallax factors only. 

The annual parallaxes are relative to a set of (usually 3 to 5) 
reference stars, whose probable mean parallax can be estimated from 

i ScUesinger, Problems der Astronomic, Seehger Festschrift 422. 1924. 
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the mean secular parallaxes to be discussed later; in individual cases 
it may be desirable to determine spectroscopic parallaxes for the 
reference stars. 

The modem determinations of annual parallaxes have thus given 
distance values with a probable error less than 10% for stars nearer 
than 10 parsecs. With an all-out effort the same percentage accuracy 
can be obtained for distances up to about 30 parsecs. Beyond this 
distance individual geometric distances become gradually more inac¬ 
curate although for statistical purposes distances up to 100 parsecs 
may be used. Here, therefore, the method of statistical proper mo¬ 
tion parallaxes becomes important. In the present chapter the mean 
secular parallaxes will be studied, i. e. the secular parallactic motion 
will be considered as a distance criterion. From these parallaxes 
mean distances of groups of stars can then be derived if the solar 
velocity and the dispersion in distance are known. Closely related are 
mean parallaxes based on the total proper motion of the stars and on 
the component perpendicular to the parallactic motion, the so-called 
r-components, which will be discussed by Emma Williams Vyssotsky 
elsewhere in this volume. 

Considerable distance penetration is provided by the photometric 
method, since apparent magnitudes of very distant objects can be 
measured with adequate accuracy. The inherent complication of this 
method is the presence of obscuring material so that in reality only a 
relation between distance and opacity can be derived from the ob¬ 
served distance modulus: 

m — M = 5 log r + A — 5 (1) 

Here m is the apparent magnitude, M the absolute magnitude, r the 
distance expressed in parsecs, and A the opacity in magnitudes be¬ 
tween the observer and the object. If one combines this equation 
with a corresponding one in which A is ignored, a distance / is found 
related to the true distance r as follows: 

' log / = log r + 0.2 A (2) 

The quantity £- = 1.58^ is the “opacity magnification” of photo¬ 
metric distances in which the opacity has been neglected. 2 

It is clear therefore that photometric distances alone cannot take us 
very far, although the opacity difficulty may often be tentatively 
circumvented by introducing some sort of geometric hypothesis. But 
a complete study of the fundamental properties of the galactic system 


* Sigma XI Quart. 26: 103. 1938. 
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must comprise geometric methods; only in this way can a correct 
basis for galactic structure be obtained, which in c omb ina tio n with 
photometric data will then yield information about luminosity and 
absorption functions. 

SOLAR MOTION; MEAN SECULAR PARALLAX 

If we express the star’s distance r in parsecs we have the following 
fundamental relations: 

Annual parallax = i 
r 

Secular parallax = ~ 

Here the parallax values are expressed in seconds of arc; A is the mo¬ 
tion of the solar system expressed in astronomical units per year. 
If desired, a transition to absolute measure is given through the relation 

1 A.U./year = 4.74 km/sec. 

It is important to consider closely what is meant by solar motion. 
The convenient observational origin for stellar velocities is the sun. 
The only possible definition of solar motion in the galactic system 
is that it is the equal and opposite of the group motion of stars. The 
latter can be determined only if the stellar space velocities are known 
from proper motions, radial velocities and parallaxes. 

The relation between rectangular and equatorial polar coordinates is 

x — r cos 8 cos a where + x points to the vernal equinox 

(3) y — r cos 8 sin a + y ” ” R.A. 6 h in equator 

z = r sin 8 +2 ” "the celestial north pole 

Here x, y, 2 , and r are expressed in parsecs. 

The annual variations are given by 

& = — r cos 8 sin a /to — r sin 8 cos a ft® + cos S cos o r 

(4) y = r cos 8 cos a /% — r sin 8 sin a /i® + cos 8 sin a t 

2 = r cos 8 /i® + sin 8 r 

Here x, y, z and r are expressed in A.U./year; p* and /i® are the proper 
motion components expressed in seconds of arc per year. 

For a certain group of stars therefore the group motion is given 
by the rectangular components £, §, i, the solar motion by the equal 
and opposite values h a , h V) h t , so that 
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(5) hx — Xj hy y, h t ~ % 

From this the solar velocity h and the right ascension A and declina¬ 
tion D of the apex easily follow: 


( 6 ) 


tan A — 


h = V hi + V + hS 

ky 


tan D = 


W +V 

The parallactic parts of the velocity components of the individual 
stars are given by 

h X . hy 

Pa, t cos 8 = — sin a-cos a 

r r 

/m\ , hy , , - h% 

(7) /is,, = — cos a sin 8 -1-sin a sin 8-cos 8 

r r r 

— r p = h x cos a cos 8 + h v sin a cos 8 + h e sin 8. 

h h h 

Here —, — and — are the rectangular components of the secular 
r r r 

h 

parallax — and shall be denoted by X, Y, Z. If also we express the 
r 

third equation in absolute units, we obtain the commonly used 
formulae for the polar components of parallactic motion: 


(a) cos 8 = X sin a — Y cos a 
(8) (b) (tg, p = X cos a sin 8 + Y sin a sin 8 — Z cos 8 

(c) — V t = V a cos a cos 8 V y sin a cos 8 -f- V z sin 8. 

The problem of secular parallax becomes important only for the 
case of stars whose individual distances are unknown or not regarded. 
Assuming now that for a group of stars in a limited portion of the 
sky the residual proper motions cancel with respect to their mean 
parallactic motion, the mean proper motion gives the following 
equations: 

(a) a,, cos 8 = X sin a — Y cos a 

O) 

(b) (is = X cos a sin 8 Y sin a sin 8 — Z cos 8 

where X, Y, and Z now represent the rectangular coordinates of the 
mean secular parallax of the Btars. 
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A number of groups of stars well distributed over the sky fur nish 
a number of pairs of equations of conditions (9); a least-squares solu¬ 
tion gives values of X, Y, and Z. Their relation to the mean sec ular 
parallax and the position of the apex is then given by 


X = h 
(10) Y = h 
Z = h 



cos A cos D 
sin A cos D 
sin D 


h = VX* + Y 2 + Zr 


tan A 


Y 

X 


tan D = 


Z 

VX'- + Y i ‘ 


If only radial velocities are known formula (8c) can be used on the 
assumption that the residual radial velocities cancel. In that case 
a least-squares solution gives values for the rectangular components 
V a ,V v ,V e of the solar velocity F<> and we have: 


V x = Vo cos A cos D Vo = y/Vi + F„ 2 + V, 1 

V 

(11) F„ = Fo sin A cos D tan A = — 

V 

F, = Fo sin D tan D = — ■■ . 

VF/ + F„ 2 

Either solution (10) or (11) is based on the assumption that the solar 
motion is sufficiently exhibited by either the transverse or radial com¬ 
ponents of the space motions. Formula (10) therefore enables us to 
obtain the mean secular parallax and solar apex for a group of stars 
whose proper motions are known; formula (11) gives us the solar 
velocity and solar apex for a group of stars whose radial velocities 
are known; either method thus yields an apex determination. 

In order to obtain the three rectangular components of the solar 
motion, any systematic effects must, of course, be properly taken into 
account. In the case of radial velocities, possible redshift will have 
to be considered; in the case of proper motions, precession corrections 
may be in order. In either case the effects of differential galactic rota¬ 
tion are present. Systematic errors of observational origin are of 
serious consequence especially in the case of small proper motions. 
In the next sections the various significant effects will be further 
discussed for the case of proper motions. 

For the sake of completeness the formulae are given for deriving 
mean secular parallax and solar velocity in case the apex is considered 
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as known. If we introduce A, the angle between the star and the 
antapex, the parallactic components of the total proper motion and 
of the radial velocity are given by 

h . 

(a) ft, = — sm X 

(12) r 

(b) V, = V 0 cos X. 

Again on the assumption that the residual motions of the stars 
cancel, the quantity ft, is given by the component of proper motion 
toward the apex, the so-called v-component; similarly V t is set equal 
to the observed radial velocity V. (The v-component is derived from 
the total proper motion p and its position angle 6 by the relation 

v — p cos (6 — x) 

where x is the position angle of the antapex). 

In this case, therefore, the least-squares solution leads to the fol¬ 
lowing simple expressions for mean secular parallax and solar velocity: 


(13) 


<*> ‘(f) 

(b) Vo 


[v sin X] 

[sin 2 X] 
[7 cos X] 
[cos 2 X] 


If thus for a group of stars h 



can be obtained, the value of 



can be derived if the sun’s velocity h is known. With adequate 


knowledge about the dispersion in r the mean parallax can then 

be converted into a value for the mean distance f. This question will 
be taken up later on. 

It is clear that the secular parallax method will be most successful 
if the residual motions are small compared with the mean parallax. 
It is further obvious that regions near the apex and antapex have 
greatest weight in determining the direction of solar motion while 
those 90° from the apex have highest weight in the determination of 
mean secular parallax. An inherent weakness of the parallactic motion 
method of deriving mean parallaxes is therefore the lack of equiva¬ 
lence in accuracy between different parts of the sky. Since the solar 
apex lies not far from the galactic circle, the secular parallax factors 
and hence the parallactic motions are large in high galactic latitudes 
but relatively small in lower latitudes. A determination of mean 
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secular parallaxes in low latitude has, therefore, other thin g s being 
equal, less accuracy than one in high latitudes, and is also more sensi¬ 
tive to uncertainties in the reference system of proper motions. 

PROPER MOTIONS: REFERENCE SYSTEM FOR 
LIMITED AREA 

As stated before, the problem of mean secular parallaxes is primarily 
of importance for stars beyond the limit of annual parallax observa¬ 
tion, i. e., for stars with an annual parallax of less than say ".03. For 
a solar velocity of 4 A.U./year, the corresponding upper limit of 
parallactic motion at the parallactic equator is "12. In proper mo¬ 
tion work this is a large quantity and the usefulness of the method 
is thus clearly demonstrated. 

In studying the attainable accuracy of mean secular parallaxes, 
it is especially necessary to know the limitations due to uncertainties 
in the system of reference, which are both of cosmical and observa¬ 
tional origin. It is necessary, therefore, to discuss these sources of 
errors for the basic material, i. e., proper motions. By cosmical 
errors are meant the deviations of the proper motions of individual 
stars or groups of stars from an adopted theoretical motion. 

Proper motions may be measured with meridian circle, visual re¬ 
fractor (micrometer, heliometer), or by photography. In the latter 
case, which is very important because of its high accuracy, the proper 
motions are measured in any rectangular coordinate system, however, 
the one that is oriented closely to the equatorial system being most 
convenient. The results thus obtained are directly comparable with 
proper motion components measured with the meridian circle. The 
orientation of the equatorial coordinate system is found from stars 
of known absolute position if they occur in the region, or by a trail. 
For the simple case of linear plate constants the measured differences 
m x , m v between the positions on two plates taken at different epochs 
are: 

m B = t/i® + c» + aaX + b x y -f- 8* 
m v — tn,/ + Cy + dj/X -f- b u y -f* 8„ 

Here t is the interval; (i*, py is the yearly proper motion and is prac¬ 
tically equal to pa cos 8, p «. The quantities c», a*, b„ c„, a v , b„ are the 
plate constants expressing differences in orientation and scale and the 
first order effects of precession, nutation, aberration, refraction; 8» 
and iy are accidental errors of observation. By using gratings, magni¬ 
tude compensation is easily provided, thus minimising an important 
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source of systematic error. In case of large areas or large zenith 
distances, higher order terms may have to be included, which does not 
essentially alter the problem. 

The ideal way of determining the plate constants would be from 
extragalactic objects, which form an ideal frame of reference for 
proper motions of (inter)galactic objects. There is little doubt that 
eventually all present reduction methods will become subordinate 
to the one provided by extragalactic objects. But for sometime to 
come the extragalactic reference system is not likely to reach a stage 
of practical application and we shall have to use an intergalactic 
reference system based on stars. Within the restricted area covered 
by a photographic plate a kind of internal system can always be 
obtained by deriving the plate constants from the stars themselves. 
For this purpose we consider the proper motions /%) as accidental 
deviations from the average reference system provided by the stars; 
the plate constants are then simply obtained from the conditional 
equations 

= c„ + + b w y 

W hy Cy j dy*C | by*y 

The probable error of one equation is in each coordinate given by 


R = 0 6745 


/ t 2 [ m 2 3 + C& 2 3 

V n — 


The probable errors of the plate constants a and b are given by 


Ta 


R R 

VK’ rb ~VW 


where p a and p 6 are the weights of a and b. 

In this way proper motions are obtained relative to the origin of an 
internal reference system represented by a plate constant structure 
(c, a, b) in each coordinate. This reference system suffers a (linear) 
distortion term (xea + yi t ) which is of the nature of proper motion. 
Here and «& are the true errors of the plate constants a and b 
and are partly of cosmical origin. The motions referred to this 
reference system are thus affected by a systematic error — (xea + yej), 
but we can only say that the plate constant structure introduces a 
probable error 

± Vx 2 r„ 2 + y 2 r 6 2 


It is clear that no matter how small the errors of observation 
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(8®, S„), the accuracy of the proper motions is definitely limited by 
the distribution of the proper motions of the stars. 

Apart from this the absolute proper motion of the reference system 
remains undefined, and thus proper motions derived in this iwhitict 
are called relative . The part of the plate constants which is of 
cosmical origin, for the relative motions, finds a counterpart in the 
cosmical part of the precession constants which result from the same 
source, for the case of absolute motion; this matter will be considered 
in the last section. 

PROPER MOTIONS: ABSOLUTE REFERENCE SYSTEM; 

PRECESSION, GALACTIC ROTATION, 
SYSTEMATIC ERRORS 

For problems of limited areal extent (parallax, orbital motion, 
cluster motion), the afore described internal reference system is of 
great value. For a study of fundamental galactic properties a more 
comprehensive reference system is necessary. Pending the advent 
of the extragalactic reference system we must use the reference 
system of so-called absolute positions and proper motions measured in 
the equatorial coordinate system and referred to the sun, as estab¬ 
lished by our methods of observing positions on the celestial sphere. 

The internal reference system referred to a moment ago can then 
be reduced to absolute if one or more stars with known absolute mo¬ 
tion could also be measured in the limited area of the photographic 
plate. By using plates of large area a sufficient number of those 
reduction stars may also be included to compute all plate constants. 

The instruments co mm only used for measuring stellar positions are 
the transit and vertical circle, or a meridian circle which is a combina¬ 
tion of a transit instrument and a vertical circle for measuring right 
ascensions and declinations, respectively, the first with a sidereal 
clock as an accessory. The right ascensions of stars are obtained 
by comparing the transits of stars and sun, the equinox is located 
by observing at the same time the declination of the sun. The declina¬ 
tions are determined from observations at upper and lower culmina¬ 
tion corrected for refraction. 

By comparing observations of R. A. and Deck made at different 
epochs annual variations are derived. The secular part of these 
annual variations consists of (1) the proper motion of the star, (2) 
the effect of precession of the reference system, (3) errors of observa¬ 
tion. It is clear that the reference system can again only be an in¬ 
ternal one in the sense that it is defined by a limited number of stars 
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whose annual variations have been observed. The cosmical distribu¬ 
tion of these motions is one of the factors limiting the attainable 
accuracy of the precessional constants. Again, the ideal way of 
determining the precessional corrections would be from the observed 
annual variations of extragalactic objects, a thoroughly impractical 
procedure however. It is interesting to reflect that, because of limita¬ 
tions of brightness, conventional meridian circle observations will not 
enable us to establish an extragalactic reference system. The latter 
may eventually be based on photographic observations, the meridian 
circle observations will then still play an important role in transferring 
the reference system to regions in the sky which are inadequately 
provided with extragalactic objects. 

A system of absolute motions in a restricted sense can always be 
obtained by deriving the precessional corrections from the stars them¬ 
selves. Ass umin g the observed annual variations to be corrected 
for an adopted precession (Newcomb’s value for example), the re¬ 
sulting proper motions (+ systematic error) can be represented by the 
sum of the precessional corrections and any systematic motions that 
can be approximately expressed in analytical form, like galactic rota¬ 
tion and parallactic motion. The question of finding the precessional 
constants is thus intimately tied up with the cosmical laws governing 
stellar motions. 

The first order (yearly) precessional corrections are 
in right ascension Am An sin a tan 8 
in declination An cos a 
where Am = A p cos e — A l 
A n = Ap sin « 

Here p is the lunisolar precession 
l the planetary precession 
e the inclination of the ecliptic on the equator. 

While Al can be obtained from theoretical considerations (secular 
perturbations), A p can be found only from a discussion of proper 
motions. In addition the proper motions in right ascension are usually 
considered to be affected by a constant error — Ae called the “motion 
of the equinox.” This is partly a linear time effect due to changes in 
observational technique, partly an error of cosmical origin, due to 
the distribution of the proper motions of the stars used in any par¬ 
ticular solution for precessional corrections. 
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It goes without saying that an analysis for processional corrections 
will obliterate any systematic stellar motion that would follow the 
same analytical law as the precession does. It is, therefore, to be 
noted that the equator and ecliptic are at an appreciable angle with 
the galactic circle. Luni-solar and planetary precession reveal them¬ 
selves as a rotation of the stars about the pole of the ecliptic and the 
pole of the equator, respectively; any rotation of the galactic system 
may thus be separated from the processional effects. 

On the simple Oort theory, the differential galactic rotation effects 
in seconds of arc per year are in right ascension: 8 

2(A cos 2a + B sin 2a) cos 8 + 

{(C + .16Q) sin a -f (D -f- .86Q) cos a} sin 8 + .46Q cos 8 (18) 
in decimation: 

(B cos 2a — A sin 2a) sin 28 + 

(D sin a — C cos a) cos 28 + E sin 28 — .86Q sin a + .15Q cos a (19) 
where 


A = .104P sin 2Io — 0 220P cos 2l 0 

B = — .287 ” — 0.080 ” 

C = - .409 ” - 0154 ” (20) 

D = + .072 ” - 0.870 ” 

E = + .585 ” 


Here l<> is the galactic longitude of the center of rotation; P and Q 
are Oort’s constants of differential galactic rotation expressed in sec¬ 
onds of arc per year, i. e. 


1 

p _ 

.1, 

(I±_ 

aVo\ 

4 74 

2 1 

\R 

8R ) 

1 

Q -- 

4.74 

±| 

( _Zi 

8Vo' 

2 ' 

l R 

dR . 


( 21 ) 


V 0 and B being the circular velocity in the vicinity of the sun in 
km./sec. and the distance to the axis of rotation expressed in parsecs. 
The numerical coefficients are trigonometric functions of the right 
ascension and declination of the galactic pole. 

The Q-term in galactic longitude is really a combination of galactic 
rotation and the precession of the descending node of the equator on 
the Milky Way, as caused by the attraction of the stars on the 
planetary system. A computation by Axel Jonsson shows 4 that with 


> Sohllt, Astr Jour 39: 17 1928 

4 Charlier, “Motion and distribution of the stars ” p 32 1926 
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any plausible assumption regarding the constitution of the galaxy 
this precession of the invariable plane turns out to be indirect. Hence 
the Q-term, which is direct, gives only a lower limit for the galactic 
rotation term. 

Apart from the dependence of absolute proper motions on the preces- 
sional constants, a limitation to any progress in a study of absolute 
proper motions is caused by systematic errors in their reference sys¬ 
tem. The presence of systematic errors of a periodic nature is most 
serious, as solar motion, precession and galactic rotation contain first 
and second harmonics depending on right ascension and declination. 

A striking example was given in 1922 by Kapteyn 5 who showed the 
possibility of considerable errors in the proper motions in declination 
of the PGC. 6 Kapteyn reasons that there is an a priori reason to 
believe that the correction A will be small near the poles, where the 
two culminations of a star are observed in nearly the same zenith 
distance. Systematic errors due to uncertainties in refraction would 
be likely to increase with increasing polar distance. Kapteyn adopts 
therefore A = G cos 8, which gives a means of testing the presence 
or freedom of systematic errors in absolute proper motions by the 
methods and theories of stellar statistics. For an error — G cos 8 in 
proper motions in declination is equivalent to a system of proper mo¬ 
tions diverging from the North Pole as an apex, in other words, the 
Z component of the parallactic motion is increased to Z + (?. The 
result is a higher value of declination of the apex the amount de¬ 
pending on the values of G and the mean secular parallax. Now the 
declination of the apex found from the proper motions of the PGC 
is + 35 °, while that from the radial velocities of corresponding stars 
was only + 25 °. Kapteyn thus derives G = + ".014. 

Subsequent investigations 7 * 8 » 9 * 10 have tended to reduce Kapteyn’s 
value and the error appears to be taken care of partly by corrections 
derived by Raymond. 11 There is however still an appreciable dif¬ 
ference between the Albany General Catalogue in which Raymond's 
corrections have been incorporated and the FK3 fundamental system 12 
in the sense that especially for small proper motions the apex in 
the former comes out at a very much larger declination. 18 

> Bull. Astr Inst, Netherlands 1: 75. 1922. 

«Boss, L., “Preliminary General Catalog of 6188 stars.” 1910. 

7 Ball. Astr. Inst. Netherlands 1: 209. 1923 

8 Lick Obs. Bull 12: 38 1925. 

* Astr. Jour. 36:138. 1926. 

18 Bull Astr. Inst Netherlands 5: 1 1928. 

11 Astr Jour. 36: 129. 1926. 

» Dritter Fundamentalkatalog Berliner Astr. Jahrb. Ver. Astr. Rechen-Insts Berlin 
Dahlem 64. 1937 

18 Wilson & Raymond, Astr. Jour. 47: 49, 1938. 
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ANALYSIS OF PROPER MOTIONS FOR SOLAR MOTION, 
PRECESSION AND GALACTIC ROTATION 

S umma rizing the various contributing factors, the observed absolute 
proper motion of a star may thus be in general represented as follows; 
in right ascension (seconds of arc) 

2 (A cos 2a + B sin 2a) cos 8 + 

{( C -f- .15(2 -f- .44Ap) sin a -f- (D -f- .86(2) cos a} sin 8 (22) 

+ (.46Q -j- .92Ap — Ae — A l) cos 8 + X sin a — Y cos a — «<,; 

in declination 


(B cos 2a — A sin 2a) sin 28 + 

(D sin a — C cos a) cos 28 -\-E sin 28 — .86Q sin a -|- (23) 

(.15Q + .44Ap) cos a + X sin 8 cos a + Y sin 8 sin a— Z cos 8 — 


where «o and are the residuals of the stars’ actual motion from the 
analytical representation by mean parallactic motion, precession 
and galactic rotation. 

From a material homogeneous enough to warrant a sufficiently 


constant h 



or one which is a simple analytical function of the 


position on the sphere, which does not conflict with the galactic rota¬ 
tion function, the various constants in the formulae can be derived 
if a sufficient number of stars is available. A least-squares solution 
will give the values for the following constants and combinations 
of constants, 


from the right ascension equations: 


A 

B 

C+0.15Q + .44Ap 

D + 0.86Q 

0.46Q + 0.92Ap — (Ac + Al) 

X 

Y 


P 

lo 

Q 

whence Ap (24) 

Ac -|- Al 

X 

Y 
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from the decimation equations: 

A 
B 
C 
D 
E 

0.86Q 

0.15Q + .44Ap 
X 
Y 
Z 

A combined solution would give all eight unknowns. However, 
separate solutions are of interest because of possible systematic errors 
in the proper motions which may affect the two coordinates quite 
differently. If we suppose, e. g., with Schilt 3 that systematic errors are 
more likely to be periodic in a than in 2a, then the galactic rotation 
constants P and I 0 obtained from A, B and E are to be preferred to those 
obtained from C and D. It is clear therefore that truly independent 
determinations of precessional corrections, differential galactic rota¬ 
tion and solar motion should go always hand in hand. It is true 
that the constants P, lo, A and D can often be obtained from radial 
velocity observation, the first, however, not without considerable sys¬ 
tematic uncertainty. The accuracy with which the various constants 
in the equations can be determined depends on (1) number of objects, 
(2) uniformity of distribution over the sky, (3) cosmical accuracy 
of the proper motions, i. e., the accuracy with which an individual 
star or group of stars represents the hypothesis of precession, dif¬ 
ferential galactic rotation and solar motion, (4) observational ac¬ 
curacy of the proper motions. 

As far as precessional corrections, differential galactic rotation and 
systematic errors in the fundamental system are concerned, objects 
of high cosmical accuracy are most useful, i. e., objects of small 
mean parallax. 

AVAILABLE MATERIAL OP ABSOLUTE PROPER 
MOTIONS. RESULTS FOR MEAN 
SECULAR PARALLAX 

The number of stars for which absolute proper motions can be 
derived directly has been limited by the size of the instrument which 
does not permit observations of stars fainter than magnitude 9 or 10. 


P 

k 

Q 

whence A p (25) 

X 
Y 
Z 
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However, with a sufficient number of “standard” stars to start with, 
it is possible to derive the absolute (positions and) proper motions 
of any additional number of fainter stars by the photographic method. 
As far as the positions are concerned, the development of thought on 
this subject may be seen from a digest of reports and discussions of 
commission No. 8 of the International Astronomical Union. The 
general opinion is that because of Schlesinger’s success with plates of 
large areas meridian work may very well be limited to stars brighter 
than say 7.5 (of which there are 27,000) or than 8.0 (45,000). Stars 
of this magnitude are easily observable with most instruments. Since 
between 16 and 25 comparison stars are required for the reduction of 
each plate an extension to fainter magnitudes should be made in 
those regions of the sky where the number of brighter stars is not 
sufficient. 

For the present we mean by “standard” stars those stars for which 
absolute proper motions have been derived from all available meridian 
circle positions. The Albany General Catalogue 14 is an example of 
a catalog containing the absolute proper motions of 33,342 stars, i. e., 
all stars brighter than about magnitude seven and a half. The 
probable errors in this catalog are about 0".001 for stars down to the 
fifth magnitude and about 0".002 for the sixth magnitude stars, but 
much larger errors (as large as 0".015) exist for the fainter stars, 
especially in the southern hemisphere. An extension of the system 
of a standard catalog like this to fainter objects can be made in dif¬ 
ferent ways. One transfer is at present being carried out at Yale 
in several Astronomische Gesellschaft zones by Schlesinger’s method 
of large angle photographs. In this manner proper motions of over 
60,000 stars have already been obtained; 15 potentially the AG zones 
provide for deriving the proper motions of some 150,000 stars down 
to magnitude 9.7. The probable error of the proper motions aver¬ 
ages about ".010, which value would of course be greatly reduced 
by future repetition of the plates. 

A very effective transfer from relative to absolute motions has 
been made for faint stars in small areas photographed with a long focus 
instrument and centered on a standard star whose magnitude equation 
can be fully eliminated through a rotating sector of similar device. 
The importance of this method for obtaining absolute motions was 
pointed out by Schlesinger 18 and again emphasized by Kapteyn. 5 

i* “General Catalogue of 83342 stars ** 1937. 

» Trans. Yale Obs. 3. 1926; 4. 1925; 5. 1926; 7. 1930; 9. 1933,10.1984; 11. 1939,12. 
1940. 

» Publ. All. Obs. 4: 19 1919. 
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The method has been further worked out and results were obtained 
first by Alden and van de Kamp 17 - 18> 19> 20 and later by van de Kamp 
and Vyssotsky 21 ’ 22 ; the latter investigation which is of particular 
value for the problem of mean secular parallax will be fully discussed 
further on. 

We shall now consider the present status of our knowledge of mean 
secular parallaxes of faint stars. An early discussion of mean secular 
parallaxes based on absolute proper motions of stars generally 
brighter than the tenth magnitude was made in 1918 by Kapteyn, 
van Rhyn and Weersma 28 The solar apex was adopted at A = 17 h 51 m , 
D — + 31°.4 in accordance with Weersma’s result; 24 the proper mo¬ 
tions were reduced to the PGC system to which Boss’ precessional 
corrections® were applied. For stars of all spectral types together 
it was found that the logarithm of the mean secular parallax was 
closely represented by a linear function of the magnitude: 


log h 



= a + bm, 


(26) 


Gal. lat. 

a 

b 

0 to ±20° 

-0 619 

- 1373 

±20° to ±40° 

- .477 

- 1373 

±40° to ±90° 

- 389 

- 1373 


where m is the Harvard visual magnitude. Values of h (—\ for the 


principal six spectral types B, A, F, G, K, M were derived also down 
to a somewhat brighter magnitude limit. 

A few years later (1922) Kapteyn® published his paper on the 
proper motions of the faint stars and the systematic error of the 
Boss fundamental system. Kapteyn proposed a plan which was 
essentially that described above, namely the transfer of the Boss sys¬ 
tem to faint stars in the small areas surrounding bright stars which 
then already were on various parallax programs carried out with 
long focus instruments. The conditions at the McCormick Observa- 
tory were pa rticularly favorable for such a plan, which was then 

17 Astr. Jour. 36:17. 1924. 

18 Astr. Jour. 36: 190. 1926. 

18 Bull. Astr. Inst. Netherlands 3: 217. 1926. 

*® Mem. Nat. Acad. Sden 22, first memoir, pt. 3 (Publ. McCormick Obs. 4). 1927. 

*i Astr. Jour. 46: 161, 177. 1936; 46: 9, 26. 1937 

** Publ. McCormick Obs 7. 1937. 

** Groningen Publ. No. 29. 1918. 

« Groningen Publ. No. 21. 1908. 
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taken up by Alden and the writer. It is of interest to note that 
the work, originally planned for a year, became a permanent feature 
of the McCormick program. At first, the mean proper motions of 
some half-dozen faint stars in the field surroundin g a Boss star 
were utilized but no attempt was made to determine the indi¬ 
vidual motions. The first results published by Alden and van de 
Kamp 17 ’ 18 ’ 19,20 in 1924 give a solar apex differing somewhat from 
that derived from bright stars and a stronger dependence of the mean 
secular parallax on galactic latitude than found in Groningen Publi¬ 


cation No. 29. 

After Alden’s departure this proper motion work was first carried 
on by the writer, preference being given to regions in high galactic 
latitude. The additional measurements, together with an increased 
knowledge about the systematic error in the Boss proper motions in 
declination, led in 1927 to a new determination 25 of the mean secular 
parallax of tenth magnitude stars for different galactic latitudes. The 
mean secular parallax in high latitude, was found to be considerably 
larger than that derived in Groningen Publication No. 29, and given in 
table 26 of that publication. This became the main reason for a re¬ 
vision of the Groningen parallaxes by van Rhyn and Bok. 26 The newly 
discovered differential galactic rotation by Oort 27 ’ 28 and the result¬ 
ing changes in precessional corrections, as well as corrections 29 derived 
to the Boss proper motions in declination, were taken into account in 
their revision. Besides the earlier material, the McCormick material, 
some new results of zone-observations and some mean proper motions 
of thirteenth magnitude stars by van Maanen 80 had become available. 


In addition, differential values for h 



were derived from relative 


photographic proper motions, some previously compiled and discussed 
by the writer, 81 ’ 19> 82 and some from measurements by Lee 88,84 and 
Smart. 85 It should be remarked that such material, especially in a 
limited number of regions is vulnerable to magnitude error since 
no magnitude compensation was present. Van Rhyn and Bok found 


28 Asia*. Jour. 37; 191. 1927. 

« Groningen Publ. No. 45. 1931. 

27 Bull. Astr. Inst. Netherlands 3; 275. 1927. 

28 Bull. Astr. Inst. Netherlands 4: 79. 1927. 

28 Boss & Jenkins, Astr. Jour. 37:177. 1927. 

88 Pop. Astr. 32: 559. 1924. 

« Publ Astr. Soc. Fac. 37: 276. 1925 

« Yan de Kamp, De zonsbeweging met be trekking tot apparent arwakke sterren. 1926. 
88 Publ. Yerkes Obs 4, pt. 4. 1926. 

88 Bull. Astr. Neth. 5:101. 1929. 

88 Cambridge Observations, 26. 1928. 
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again that the logarithm of the mean secular parallax could be rep¬ 
resented as a linear function of the magnitude within each of the 
three galactic latitude zones, with the following constants: 


Gfll. l.Q/fc. 

a 

b 

0° to ±20° 

-0.572 

-.132 

±20° to ±40° 

-0 368 

-.158 

±40° to ±90° 

-0 488 

- 120 


According to this, the values of the mean secular parallaxes of stars 
fainter than the eight magnitude are somewhat smaller in the zone 
± 20° to ±40° than the corresponding values in the zone 0° to 
±20°. van Rhyn and Bok considered this a priori rather im¬ 
probable and decided to adopt the mean values of the zones 0° to 
± 20° and ± 20° to ± 40° for stars fainter than magnitude 8 as 
valid for both zones. As compared with Groningen Publication 29 
the secular parallaxes in the zones 0° to ± 20° and 20° ± 40° were 
reduced and the values in the zone =fc 40° ± 90° were increased. 

Except for an isolated observation at the 13th magnitude (van 
Maanen) and some material on relative photographic proper motions, 
van Rhyn and Bok had no material fainter than the 10th magnitude 
nor any means for studying the mean secular parallaxes of faint 
stars of different spectral classes. 

MCCORMICK INVESTIGATION. INTERPOLATION 
FORMULA FOR MEAN PARALLAX 

Since 1926 Vyssotsky and the writer had been engaged in revising 
and extending the McCormick investigations started in 1922. Results 
of the extended investigation were published in the Astronomical 
Journal between 1935 and 1937, complete information being given in 
volume 7 of the Publications of the McCormick Observatory. The 
material consisted of the relative photographic proper motions 
measured in 340 regions fairly uniformly distributed north of — 30° 
declination. The average time interval between the plates was 12.6 
years, the average limiting magnitude 12.4 Ipv. The average number 
of faint stars per region is 52.3, their average magnitude is 11.3 Ipv. 
Each region contains at least one bright star, reduced by the rotating 
sector to the tenth magnitude, whose absolute proper motion is given 
in the new General Catalog of the Dudley Observatory. The 340 
regions contain a total of 574 GC stars or an average of 1.7 standard 
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stars per region, by means of which all proper motions were reduced 
to absolute. The system of proper motions is that of the PGC with 
Raymond’s corrections applied to the proper motions in declination. 
This material is particularly valuable for the problem of mean secular 
parallaxes since a rigorous reduction to absolute motion was obtained 
for a large material of faint stars. A brief description of the analysis 
for mean secular parallax will now be given. 

Precessional corrections were adopted, based on the mean of recent 
determinations of Oort, 28 and Plaskett and Pierce, 881 S7 - 88 (— Ac — A l 
= — "OHO, Ap = + "0104), resulting in the following corrections to 
the proper motion components: 


A jia cos 8 = + ".0015 cos 8 — .0041 sin a tan 8 
A/*s = — ".0041 cos a 


(27) 


The proper motion components were further corrected for differential 
galactic rotation the following constants 39 being adopted: 

Q = — ".0029 P = -}- "0033 l 0 = 327° (28) 


Solar motion solutions for different galactic zones gave no appreciable 
change in the position of the apex, hence a combined solution was 
made for all zones together introducing a factor 1.4 for the coefficient 
of the solar motion terms in the zone ± 41° to ± 90° to allow for the 


larger value 



in this zone. 


This solution gave the provisional 


coordinates of the apex: A = 19 h .O, D + 35° and a provisional 


dependence of h 



on galactic latitude. 


A general solution was now made for precessional corrections, dif¬ 
ferential galactic rotation and solar motion. This least-squares solu¬ 
tion gave a probable error of "0061 per region. Since the probable 
error of the reduction to absolute motion per region is only slightly 
less, namely, ".0053, the close agreement is an indication of the high 
cosmical accuracy of the mean proper motions. 

The corrections adopted for the constants of precession and of 
differential galactic rotation were found to require no modification. 
Since a dependence of parallax on galactic latitude was introduced 
based on the adopted precessional corrections, the McCormick results 
for these corrections are not independent. However, an alternative 


88 Publ. Am. Astir. Soc. 8: 19. 1934. 

« Month. Not. 94: 679. 1934. 

88 Publ. Dom. Astr. Obs. 5 (4): 1936. 

"Lindblad, Stockholm Obs. Medd. No. 7, 1932; Scfentia, May, 1932. 
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treatment by Oort 40 in which only the precessional corrections, the 
motion of the equinox and the constant B of galactic rotation are 
introduced as unknowns, gives practically identical results. 

The final position for the apex in equatorial coordinates was found 
to be: 

A = 19 h .O ± 0 b 2 D = + 36° ± 2° 

which differs appreciably from the position of the apex derived from 
bright stars. It is of interest therefore that the high value of A is 
confirmed by supplementary solutions from the mean proper motions 
in right ascension of faint reference stars used in parallax determina¬ 
tions at the Allegheny, Yale and McCormick Observatories. 

Before giving a detailed discussion of the McCormick mean secular 
parallaxes, it will be practical to give the results of a subsequent 
study of the effect on the elements of solar motion by a change from 
the system of the new General Catalog (GC) to the system of the 
“Dritter Fundamental Catalog” (FK3). This comparison has been 
made by Emma T. It. Williams and M. F. M. Osborne. 41 Instead of 
duplicating the earlier McCormick solution, which was made in 
galactic coordinates, Miss Williams used proper motions in right 
ascension and declination, assuming the same corrections for pre¬ 
cession and galactic rotation as used in the detailed investigation. 
An excerpt of her solutions for solar motion is given in table 1. 

In comparing the results derived from the two systems the most 
striking feature is the shift in the position of the apex, mostly in 
declination, the average difference in the sense GC — FK3 amount¬ 
ing to 11°. Possibly the apparent progressive run of D with galactic 
latitude, particularly on the FK3 system is also worth mentioning. 

A striking feature of the detailed McCormick investigation is that 
the mean secular parallaxes are on the average some 30 to 40 per cent 
higher in the northern galactic hemisphere than in the southern one. 
Miss Williams finds this to be true in both fundamental systems, but 
even more important, both the proper motions in right ascension and 
those in declination show the effect independently as may be seen for 
the separate data. The reality of this north-south effect seems, there¬ 
fore, certain; another matter is whether it is of cosmical character 
or of spurious origin caused by differences in systematic errors in the 
northern and in the southern sky, common to both fundamental sys¬ 
tems. On both systems the mean secular parallaxes have a minimum 

« Bull. Astr. Inst, Netherlands 8:149. 1987. 

41 Astr. Jour. 47: 43. 1938. 
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Table 1 

Solar Motion from McCormick Stars, All Magnitudes Together 


(unit of h 0) is "001) 


Fund. System 

GC 

FK3 


Galactic zone 

■ 

D 


D 

D 

*G) 

No. of 
regions 

+41° to +90° 

271° 

+41° 

19.9±1.2 

266° 

+33° 

19 5=bl.l 

70 

+21° to +40° 

277 

+37 

12.6 

1.4 

280 

+24 

13.9 

1.5 

42 

+11° to +20° 

285 

+46 

12.2 

1.5 

280 

+31 

12 0 

1.7 

31 

0° to +10° 

284 

+25 

16.0 

1.5 

284 

+16 

14 2 

1.5 

38 

-10° to - 1° 

285 

+29 

12.8 

1.1 

295 

+17 

10 4 

1.1 

42 

-20° to -11° 

294 

+28 

9.9 

1.9 

292 

+15 

8 0 

2 2 

23 

-40° to -21° 

285 

+46 

8.8 

1 2 

277 

+34 

6 9 

1 2 

45 

-90° to -41° 

296 

+37 

14.8 

1 5 

290 

+29 

15 0 

1 5 

49 

±41° to ±90° 

280 

+39 

17.3 

.9 

275 

+31 

17 2 

.9 

119 

±21° to ±40° 

281 

+41 

10.6 

.9 

275 

+27 

10 1 

1.0 

87 

±11° to ±20° 

289 

+39 

10.9 

1.2 

285 

+25 

9 9 

1 3 

54 

0° to ±10° 

285 

+27 

14 3 

.9 

284 

+16 

12 1 

9 

| 80 


value around latitudes ± 20° although this effect is not appreciable 
in the FK3 system. 

One more point is worth mentioning. On the GC system, in every 


case in which the component Y of the h 



is well determined by 


the declination equation, it is definitely smaller (in absolute value) 
than the Y determined by the right ascension equations. This in¬ 
consistency does not appear in the FK3 system. 


A 


comparison of the GC and the FK3 values of h 



shows 


further that the differences are largest for low latitudes which may 
be partly explained by the position of the apex (galactic longitude 
34°, galactic latitude +14°). 

When the McCormick material will have been appreciably extended, 
the choice of a fundamental system will be a most important matter. 
There can be no doubt that the result of the present detailed Mc¬ 
Cormick investigations are appreciably influenced by systematic 
errors of the GC system, although probably the general features of the 
results are fairly well established. For the present, Miss Williams’ 
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investigation will be taken to indicate adequate stability of the be¬ 
havior of the mean secular parallaxes in either the GC or the FK3 
system. We shall therefore proceed to discuss in some detail the 
mean secular parallaxes as derived in McCormick Publication No. 7, 
which thus are based on the GC system. 

The marked asymmetry between the northern and southern galactic 
hemispheres has already been mentioned; this effect appears to be ac¬ 
companied by a similar asymmetry in the probable errors of one 
region. Undoubtedly this matter is one that deserves all possible 
attention. For the present, however, we have conservatively ignored 
the asymmetry in subsequent discussions; the combined results of the 
corresponding zones north and south of the galactic equator are given 
in table 2. 


Table 2 


Mean Secular Parallaxes of McCormick Stars 
(unit ".001) 


^x^Magnitude 

Gal. zone 

8 7 

10.0 

11.0 

11.9 

12.7 

±41° to ±90° 

21.8=1=2.1 

23.3=1=2.2 

13.5=1=1.2 

16.4=1=1.0 


±21° to =fc40° 

21.8 2.3 

12.8 1.4 

14.2 1 2 

8 0 .8 

hsh 

0° to ±20° 

19.0 1.5 

12.9 .9 

11.3 .9 

10.6 .8 

1 9.1 1.1 


On the average the decrease of parallax with diminishing latitude 
comes to a halt around latitude ± 20° with an increase toward the 
galactic equator strongly indicated. It is interesting to note that a 
similar effect was present in the material used by van Bhyn and 
Bok. 2e However, they could not very well arrive at any definite 

conclusion because of the discordant value of h ^ for the magni¬ 
tude group 11.5 in the zone 20° to 40°. 

The general behavior of the McCormick results is supported by 
those from the proper motions in right ascension of the Allegheny- 
Johannesburg and McCormick reference stars measured in parallax 
determinations (table 3). 

The influence of differences in systematic error between results 
derived from proper motions in right-ascension and in declination 
has been mentioned before. Since in the McCormick investigation 
all magnitude groups depend on the same sample of the fundamental 


systems, the similar dependence of h 



on galactic latitude for the 













VAN DE KAMP: PARALLAXES OF FAINT STARS 


173 


Table 3 


Mean Secular Parallax of Allegheny-Johannesbtjrg and McCormick 

Reference Stabs 
(unit ".001) 


Gal. zone 

AIL-Joh. 

10.9 pg 

McC. 

9 8pv 

±41° to ±90° 

17.3=b .9 

20.5d=2.5 

±21° to ±40° 

13.5 1.1 

12.7=fcl.8 

0° to ±20° 

15.9 1 2 

22.5±2.4 


different magnitude groups may be partly of systematic observational 
origin. On the other hand, the change of h with magnitude with¬ 
in a single galactic zone is independent of the fundamental stars. 
It is of a purely differential nature, and probably essentially free from 
magnitude error since a large number of regions contributed to each 

result. The slow decrease of h ^-L^with magnitude in the 0° to ± 20° 


zone, especially as compared with the db 20° to dfc 40° zone is more 
real than indicated by the probable errors given, since the cosmical 
errors due to the proper motions of the faint stars are small compared 
with those of the reduction to absolute motion. 


Further information about the change of h 


$ 


with magnitude 


for very faint stars has been obtained from a study of the rela¬ 
tive photographic motions of 32,000 stars in the Radcliffe catalog 42 
for selected areas 1-115. Assuming the apex to be RA = IS 11 .©, 
Decl. = + 36°, the relative mean secular parallaxes were found for 
seven groups between photographic magnitudes 9.0 and 15.9, referred 
to the mean secular parallax of stars of average magnitude 11 pg; 
these relative parallaxes were reduced to absolute by adding the mean 
secular parallaxes derived for the Allegheny-Johannesburg reference 
stars. Although these are based on proper motions in one coordinate 
only, and consequently have rather low weights in the zone 0° to 
± 20°, a large number (1670) of Boss stars was used. This procedure 
makes the material practically independent of the McCormick 
material. 

Table 4 gives the comparison of the different results for the mean 
secular parallaxes of faint stars with the extrapolated Groningen 


<> “The Radclifle Catalog of Proper Motions." 1984. 
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values; for the Allegheny-Johannesburg and Radcliffe stars the tabula¬ 
tion was changed from photographic to photovisual magnitudes by 
applying a correction — m .5 to the former. 


The McCormick values of h 



for the stars fainter than the tenth 


magnitude are larger than the computed values given by van Rhyn 
and Bok in Groningen Publications No. 45; for the 41° to 90° zone 
and for stars brighter than magnitude 10 there is fair agreement, 
however. There appears to be sufficient confirmation from the other 
data to permit the conclusion that the extrapolated values of the 


Table 4 

Mean Seculab Paballaxes of Faint Stabs 
minus 

Gboningen Publication No. 45 Values 
(unit ".001) 


Material 

McCormick 

McO. All.-Joh. 
reference stars 

Radcliffe 

>— Pv. Mag. 

gal. zone'^'-s* 

8.7 10.0 11.0 11.9 12.7 

9.8 10.4 

12.0 13.0 14 0 14.7 

±41° to ±90° 
+21° to ±40° 
0° to ±20° 

-8.9 +1.6 -2.7 +4.2 + .6 
+2.7 + .9 +6.0 +2.3 +3.3 
-1.0 - .6 +1.5 +3.4 +3.5 

-2.4 -2.1 

- .3 +3.0 

+8.0 +3.8 

+1.3 +4.1 +2.3 +2.7 
+6.0 +3.9 +4.0 +3.8 
+3.6 +6.5 +5.5 +5.1 


Groningen mean parallaxes are not valid and should be corrected in 
accordance with the results derived here. 


The present results for h 



and the observational results of 


Groningen Publications No. 45 can be satisfactorily represented by 
a quadratic formula for each of the three galactic zones: 


log h = A + B (m - 8.0) + C (m - 8.0) ! (29) 

with the following values for A, B, C (table 5). 


Galactic zone 


±41° to ±90° 
+21® to ±40® 
0® to ±20® 


Table 5 


A 

B 

—1.472 ±0.011 
-1.615 .012 
-1.620 .009 

-.1129±.0028 
-.1298 . 0031 
-.1099 . 0023 


C 


+ .0043±.0010 
+ .0050 .0013 
+ .0049 .0009 
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Figubb 1 a, b, c (see also McCormick Publications, vol. 7, page 31) 
gives a graphic representation of ike formula. In figure Id these 
three curves are superimposed one upon another, and it is seen that 


at about the eighth magnitude the h 



the zone 0° to 20° is 


equal 


to that in the zone 21° to 40°. For fainter stars the minimu m value 



Figuhe l. Mean secular parallax for different magnitudes in three zones of galactic 
latitude. 

• Groningen Publ. 45; ■ All.-Joh. and McC. reference stars; O McCormick;X Raddiffe 

.0° to 20° -21° to 40° -41° to 90° 

The curves represent the quadratic interpolation formula (29) (Table 5); the straight 
lines correspond to Table 7 of Gron. Publ. No. 45. 


occurs 


in the zone 21° to 40° and beyond the 14th magnitude the h^l- 


in the zone 0° to 20° becomes almost as large as in the zone 41° to 90°. 

By introducing simple functions of the galactic latitude b for the 
quantities A and B, the following double entry interpolation formula 
is obtained: 


log* 



- 1.53 - 0.10 cos 25 - (0.06 + 0.04 cos 26 + 

0.09 sin 6) (m - 8.0) + 0.005 (m - 8.0) s . (30) 


The constants have been chosen in such a manner that a likely 
run of values with 6 results and in particular, that the mean parallaxes 
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for all magnitudes increase asymptotically to values at the galactic 
poles. 

The cos 2b term in A was first introduced by Kapteyn, van Rhyn, 
and Weersma 28 and their value of the coefficient of this term, —.096, 
is very close to the present value. They assumed a constant value 

— .1373 for B; van Ehyn and Bok 26 derived the values — .120, — .158 
and — .132 for the galactic zones 90° to 40°, 40° to 20° and 20° to 0 
respectively while the present formula gives — .118, — .125 and 

- .114. " _ 

The computed values of h from m = 3 to m = 16 are given 
in table 6 (see also McCormick Publ. 7; table VI.2, page 70). It 

Table 6 


Interpolated Values op Mean Secular Parallax (Unit One Second) 


GaLLat. 

"Vis. Mag 

0° 

±5° dblO 0 ±15° ±20° ±30° =fc40° ±50° ±60° ±70° ±80° ±90° 

3 

[0.099 0.108 0 118 0.125 0.134 0 148 0.160 0.167 

0.172 i 

0 175 i 

0175 0.176 

4 

.071 

.076 

.082 

.086 

.091 

.100 

.108 

.114 

.118 

.121 

.122 

.123 

5 

.052 

.055 

.058 

.061 

.064 

.069 

.075 

.079 

.083 

,086 

.087 

.088 

6 

.039 

.040 

.042 

.044 

.045 

.049 

.053 

.056 

.060 

.062 

.064 

.065 

7 

.030 

.030 

.031 

.032 

.033 

.035 

.038 

.041 

.044 

.046 

.048 

048 

8 

.0234 

.0236 

.0238 

.0242 

.0247 

.0263 

.0284 

.0307 

0331 

.0352 

.0366 

.0372 

9 

.0188 

.0186 

.0185 

.0186 

.0189 

.0200 

.0215 

.0234 

.0255 

.0274 

.0287 

.0292 

10 

.0155 

.0154 

.0147 

.0151 

.0148 

.0155 

.0167 

.0183 

.0201 

.0218 

.0230 

.0234 

11 

.0130 

.0125 

.0121 

.0119 

.0118 

.0123 

.0133 

.0147 

.0163 

.0179 

.0189 

.0193 

12 

.0112 

.0106 

.0100 

.0098 

.0097 

.0100 

.0108 

.0120 

.0134 

.0148 

.0158 

.0162 

13 

.0099 

.0092 

.0085 

.0083 

.0081 

.0083 

.0090 

.0100 

.0114 

.0126 

.0136 

.0140 

14 

.0089 

.0081 

.0074 

.0072 

.0069 

.0070 

.0076 

.0086 

.0098 

.0110 

.0120 

.0123 

15 

.0082 

.0074 

.0067 

.0063 

.0061 

.0062 

.0067 

.0076 

.0087 

.0099 

.0108 

.0111 

16 

.0078 

.0069 

.0061 

.0057 

.0055 

.0055 

.0059 

.0068 

.0079 

.0090 

.0099 

.0102 


should be noted that in these investigations no proper motions have 
been rejected on account of large values, and consequently the above 
interpolation formula will not represent the secular parallaxes of 
stars chosen on other bases. 


CONVERSION FROM MEAN SECULAR PARALLAXES 
INTO MEAN DISTANCES 

In order to convert the value h ^ or a certain group of stars 

into a mean value f, it is necessary to know both h and the distribu¬ 
tion of the individual r. The value of h is well-known from radial 
velocity determinations for the relatively bright stars but for stars 
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fainter than the tenth magnitude no determination of h has yet been 
made. A provisional study by the writer 48 ’ 19> 82 has shown the feasi¬ 
bility of using small dispersion spectra for this problem. The radial 
velocities of 105 stars between visual magnitudes 9 and 10 and within 
50° either of the apex or antapex were determined with a one-prism 
spectrograph and 6-inch camera attached to the 36-inch Lick refractor. 
The average probable error of a radial velocity derived from a good 
plate lyas found to be 14, 8 and 6 km/sec for stars of type A, F-G 
and K respectively. A solar velocity of 18 ± 2.2 km/sec (3.8 ± .5 
A.U./year) was found, believed to be affected by no systematic error 
larger than 1 km/sec, but this value is of provisional significance 
only. The errors of these radial velocities are less than the cos- 
mical residual velocities and are therefore adequately small. An ap¬ 
plication to a large number of faint stars would be very desirable 
and would eliminate the necessity of hypothetical values of h that 


are now necessary to reduce values of h 



to values of 



The 


McCormick observers considered h to be a function of the spectral 
composition of the group of stars and used values ranging from h = 3.8 
for the ninth magnitude stars in low latitudes to h = 5.4 for the 
thirteenth magnitude stars in high latitudes. In the present discussion 
we have preferred to adopt a constant value h = 4.2 A.U./year (or 
Fo = 20 km/sec). _ 


The reduction from 



to f depends on the dispersion of r within 


the group. The assumption of a Gaussian distribution with dis¬ 
persion in log r/ro appears convenient and leads to the simple relation 


f • 





(31) 


where for the same apparent magnitude a r = 02 times an, the dis¬ 
persion in a Gaussian distribution of the absolute magnitudes. 

It is difficult to obtain information of a r (or an) independent of any 
hypothesis. A knowledge of spectra leads to a range 22 in an of 0.7 
for type A to 2.4 for type G5. For stars of all types together an = 2.0 
or a r — 0.4 may be taken as a maximum value; this would lead to the 
following conversion: 



« Lick Oba. Bull. 12: 88 . 1926. 
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As an illustration of the penetrating power of the secular parallax 
method we have made use of the above given assumptions for h and 
o r , and thence derived values for f from the McCormick values for 


h 



given in table 2 by means of the relation 

'•*( 7 )- 9 8 


( 33 ^ 


The results are given in table 7. 


Table 7 

Mean Distance of McCormick Stars 
(unit 1 parsec) 


^■^^Magnitude 
Gal. zone 

8.7 

10 0 

11 0 

11 9 

12 7 

±41° to ±90° 

450 

420 

730 

600 

960 

±21° to ±40° 

450 

770 

690 

1200 

1320 

0°to ±20° 

520 

760 

870 

920 

1080 


A similar table 8 has been derived from the interpolated mean secular 
parallaxes of table 6: 


Table 8 

Provisional Mean Distances of Faint Stars Based on Table 6 


(unit 1 parsec) 


^Magnitude 

10 

11 

12 

13 

14 

15 

16 

Gal. 








rsm 

420 

510 

600 

700 

800 

880 

960 

IBS 

490 

600 

730 

860 

1000 

1130 

1240 

Mb 

590 

740 

910 

1090 

1290 

1460 

1660 

KB 

660 

830 

1010 

1210 

1420 

1610 

1780 

0° 

630 

750 

870 

990 

1100 

1190 

1260 


It is clear that the absolute values of the quantities in tables 7 and 8 
are uncertain, but their dependence on magnitude and latitude is 
probably approximately correct. At this point it is important to 
remember that the annual parallax method is of no practical value 
beyond 100 parsecs. The secular parallax method takes us about 
ten times as far. It appears that at this distance the increase of 
average distance 'with fainter magnitude is small in high galactic 
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latitudes (=fc 60° and over) and near the galactic equator; but at 
intermediate latitudes (about ± 20°) the increase continues to hold. 
The McCormick observers have shown that these features can be ex¬ 
plained by assuming a density function which depends on the perpen¬ 
dicular distance s from the galactic plane only, a constant luminosity 
function and a galactic absorbing layer of constant lateral optical 
thickness. A photovisual absorption constant of somewhere between 
2 and 4 magnitudes per kilo-parsec is required to explain the slow 
decrease in parallax in low latitudes. Because of the large dispersion 
in absolute magnitudes the mean parallaxes for all spectra combined 
are not any too sensitive a criterion for an accurate determination of 
the absorption constant. This is especially conspicuous for the 
fainter group, in which already a relatively small absorption screens 
off a high percentage of the stars of small parallax and of which a con¬ 
siderable number of stars is outside the absorbing layer. Hence, it 
appears that stars brighter than about the 11th or 12th magnitude 
are most important for determining the absorption coefficient. 

So far we have considered stars without regard to spectral type. 
The zone catalogs have given much information about the proper 
motions of stars of different spectral types down to visual magnitude 8. 
The McCormick observers included a spectral group of average magni¬ 
tude 10; it is noteworthy that at this magnitude the mean secular 
parallaxes of the A and K stars are about as small as the correspond¬ 
ing values for all stars together at magnitude 12.7. Because of the 
added spectral information such groups furnish an expedient means 
for a study of galactic structure especially if it would be shown that 
the general structural features are well represented by stars of selected 
spectral types. 

CURRENT INVESTIGATIONS; DESIDERATA 

The most serious obstacles to increasing our knowledge of mean 
secular parallaxes are the limitations in accuracy due to precession 
and systematic errors in the proper motions of the standard stars. 
Eventually the natural solution can be found from a photographic 
survey of the sky with large angle cameras of adequate aperture and 
focal length, repeated after a sufficient interval. The extragalaetic 
objects on these plates would serve as an external reference system. 

In the meanwhile improvements may be expected from the afore¬ 
mentioned transfer to fainter stars through the repetitions of the 
Astronomische Gesellschaft zones by Schlesinger’s large angle cameras. 
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Because of the success of this method, an extension toward fainter 
magnitudes might well be considered. 

A limited systematic transfer to much fainter stars is to be found 
in Kapteyn’s plan of Selected Areas. Large scale photographs have 
been used for these, insuring high accuracy of the relative motions, as, 
for instance, shown by the Radcliffe Motions in the Selected Areas 
1 to 115. At the same time, the absolute proper motions of the 
brighter stars in the Selected Areas are being determined; the first 
results have been published by Hins 44 for the same Areas 1 to 115. 
The weak point here lies for the time being in the limited number of 
reduction stars and possible magnitude error. An excellent Bcheme 
has been started, however, by Schlesinger 45 in 1934 to solve effectively 
the problem of absolute motions in the Selected Areas. Overlapping 
plates are taken in Johannesburg with a long focus telescope which 
has a grating in front of the lens giving a difference of about five 
magnitudes between central and first order images. Plates centered 
on the same regions are also taken with a Ross Camera using plates 
covering 110 square degrees. A grating with a magnitude interval 
of 3.5 is placed in front of the Ross lens. The camera plates will be 
reduced by means of all GC stars (on the average nearly 100) that 
appear on them. These plates give stars fainter than 12 pg, the 
plates taken with the large telescope stars fainter than 15 pg. In 
this manner a considerable transfer from observational to cosmical 
accuracy will be obtained. 

An important improvement is at present being made at the Mc¬ 
Cormick Observatory where the transfer from standard stars to sur¬ 
rounding faint stars is being continued. It should be realized that 
with this method advantage is taken in a very effective way of the 
accurate motions of the standard stars, their homogeneous distribu¬ 
tion over the sky and the accurate long focus transfer to cosmically 
accurate objects. Because of favorable climatic conditions the Mc¬ 
Cormick Observatory is in a position to carry out this investigation 
down to — 40° declination. Attention should be drawn to the poten¬ 
tial material at the Allegheny Observatory and especially at the 
Yale Southern Station which could provide uniform coverage of 
the sky. 

The significance of these transfers is well illustrated by describing 
the possible improvements in the ‘processional corrections. The pre- 
cessional values as derived from the absolute motions of the Albany 


“ Ann. Sterrewaeht Leiden, 15: pt. 3. 1930. 
"Trana.Int.Astr. Union 5: 207. 1936. 
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General Catalog have probable errors of ".0006 and this small error 
has been obtained partly because of the exclusion of stars hav in g 
a proper motion larger than 0".8. It is obvious that this error is 
larger than would be desirable in many proper motion investigations; 
it means that in opposite areas of the sky a systematic difference of 
several times "001 may exist because of uncertainties in processional 
values. It is, therefore, important to consider what improvements 
can be made in the future. With a uniform distribution over the 
sky of N objects whose annual variations have been observed, the 

N 

weights of the corrections Am and An. are —, whence weights of 

N 2 

— sin 2 e = .081V for A p and A l. Now, as far as the precessional prob- 
2 

lem is concerned, the error of the annual variation of one object is 
made up of the terrestrial error of observation and the cosmical error, 
the latter is the residual motion remaining after allowance is made for 
systematic motions which are expressed in analytical form, rigorous 
in case of precession, approximate for galactic rotation and parallactic 
motion. 

Let the probable observational error be R 0 and the probabl e cosmical 
error R 0 hence the total probable error R = yR 0 2 + -Be 2 . The ef¬ 
fective weight of an object for the precessional problem is therefore 
1 

proportional to-. 

.Ro 2 + R<? 

Adopting ".001 as the probable error of unit weight, a summary 
computation 4 ® shows that the total observational weight of the new 
General Catalog is 1258, or about 45 times the cosmical weight (281 
which in this case is practically the effective weight. Thus, preces¬ 
sional corrections based on the motions of the GC stars have a weight 
of only .08 X 26 = 2.24, or a probable error of ".00067. 47 

For a precessional solution based on GC stars then, the high ac¬ 
cidental accuracy of the proper motions is of minor significance 
because of the cosmical inaccuracy. Nor will a future reduction in 
the accidental errors of the GC proper motions lead to the slightest 
increase in the accidental accuracy of the precessional constants; the 
latter is limited by the cosmical weight (2.24) of this catalog. 

However, complete transfer to cosmically highly accurate, i e., 

46 Astr. Jour. 48: 21. 1989. 

47 This is only slightly larger than the values ,/ .00062 and ".00063 obtained by "Wilson 
and Raymond (Astr. Jour. 47: 57. 1988) from a discussion of the proper motions of the 
new General Catalogue. The difference with the predicted value is irrelevant and may 
easily be explained by the uncertainties in our adopted J2e» and also by the exclusion of 
large proper motions by Wilson and Raymond. 
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practically fixed objects, would yield precessional corrections with a 
weight .08 X 1258 = 101; i e., a probable error of ".0001. A greater 
potential accuracy even will become available in the future through 
additional observations on the (fainter) GC stars. For example, a 
uniform probable error of ".002 would yield a total terrestrial w eig ht 
of .08 X 8325 = 666. Complete transfer to a cosmically fixed system 
would then result in probable errors of only ".00004, or 6% of the 
present probable error, for the precessional constants. 

It should be clearly understood however, that the above summary 
computation refers to internal accuracy based on an accidental be¬ 
haviour of both observational and cosmical errors. In any case, sys¬ 
tematic errors would make the results decidedly unfavorable. It is 
imperative that improvement of the systematic accuracy of the proper 
motions of standard stars be obtained, and that the systematic differ¬ 
ences between fundamental systems like the GC and the FK3 are 
clarified. Until such has been done a transfer to much fainter stars 
than has been done by the McCormick observers, seems hardly 
warranted. 

Some information about systematic errors could, of course, be ob¬ 
tained from a program of extensive radial velocity observations of 
faint, say 10th magnitude, stars. Such an investigation would also 
provide much useful knowledge about the sun’s velocity with respect 
to these stars, a quantity needed for the conversion of mean secular 
into mean annual parallaxes, and about the residual motions for 
these stars. 

A few remarks will now be made on the relation between the extra- 
galactic and the intergalactic reference system. 

The advantage of the extragalactic reference system as provided 
by the extragalactic objects lies in the negligible proper motions. 
According to Hubble the mean absolute magnitude for nebulae of 
a given apparent magnitude is —15. We thus find the following 
distance modulus (ignoring opacity): 

5 log r — 5 = to + 15 

or (34) 

log r = 0.2ffl + 4 

If we assume 48 a maximum residual radial velocity (after correc¬ 
tion for group motion and average recession) of 500 km/sec or about 
100 A.U./year, then the residual proper motions in one coordinate for 
objects of apparent magnitude 15 and fainter are less than ".000011 

** Oort, Bull. Astr. Inst. Netherlands 5:188. 1981. 
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However, the extragalactic reference system has its limitations in 
the following: 

1. The areal extent of the extragalactic objects. 

2. The deficiency of these objects in low galactic latitudes. 

3. The impossibility of observing by meridian circle so that posi¬ 
tions in the extragalactic reference system can be obtained only by 
overlapping photographs covering the whole sky. 

According to Hubble 49 the major diameter of the bright nuclear 
region of the Andromeda nebula is 3,000 light years or thus about 
1,000 parsecs. We shall adopt 1,000 parsecs as the effective diameter 
which determines the photographically measurable nucleus of an 
extragalactic object and thus find for the apparent effective diameter 
in seconds of arc 

log d" = 4.3 — 0.2 m. (35) 

Table 9 illustrates formulae (34) and (35). 

Not until about the twentieth magnitude do the extragalactic ob¬ 
jects become star-like, but for brighter magnitudes sufficient symmetry 
may exist or an artificial magnitude reduction may be provided by 
gratings so that measurable images result. 

The deficiency in low latitudes will be studied for the simplified 
case of a uniform distribution in space and a galactic absorbing layer 
of uniform optical thickness. We adopt Hubble’s data and thus have 

log N m , 6 = 0.6 m — 9.1 — 0.15 cosec b (36) 

where N mi & is the number of extragalactic objects per square degree, 
m the apparent photographic magnitude and b the galactic latitude; 
the correction for redshift has been ignored. 

The general features of the distribution of extragalactic objects are 
well expressed by this formula. The lack of objects in low latitudes 
appears to be a serious matter, in view of the particular structural 
importance of the regions in low galactic latitude. It may very well 
be that penetration to fainter magnitudes will bring out an adequate 
number of objects; photography in the red would probably do so. 
It may also be possible with plates covering sufficiently large areas 
to bridge the spaces which are completely lacking in extragalactic 
objects. In case none of these attempts would be successful, we 
would have to compromise by introducing an auxiliary intergalactic 
reference system conveniently provided by stars, since the decrease in 
frequency of the nebulae toward lower latitudes is compensated by 


49 “The Kealm of the Nebulae." 135. 1936. 



184 


ANNALS NEW YORK ACADEMY OF SCIENCES 


an increase in the available number of potential standard stars. This 
is illustrated in the table 10. The star numbers refer also to photo¬ 
graphic magnitudes and have been derived from van Ehyn’s star 
counts, 30 averaging north and south. The complimentary behavior 
of the distribution of the two classes of reference objects is clearly 
shown. 

For the purpose of obtaining a closed extragalactic reference system 
of absolute a and 8 over the whole sky, we will again have the problem 
of absolute meridian circle positions with the full difficulties of sys¬ 
tematic error caused by refraction and seasonal errors. However, 
for the limited problem of annual variations the difficulties would 
practically be non-existent, since we are only concerned with relative 
measures. In this case the precessional corrections would be elimi¬ 
nated by using the extragalactic reference system and even large angle 
photographs would give fully adequate proper motions which are not 
primarily dependent on accurate scale, refraction and other constants. 
The question, however, is whether the annual variations of the possible 
auxiliary standard stars can be kept free from changes in systematic 
errors. 

In connection herewith, we should consider the important matter 
of choice of photographic range of wavelength. There are numerous 
advantages in astronomical photography in longer wavelengths. 
Greater photometric penetrating power is provided, both cosmically 
and through the earth's atmosphere. Apart from this there is a con¬ 
siderable reduction in atmospheric dispersion toward longer wave¬ 
lengths, as shown by the dispersion formula of Kayser and Bunge 51 

sin R = 0.0002879 + .00000132/A 2 + .000000032/A 4 (37a) 

or: djR/100 A.U. = - ,0528/A 3 - .00256/A® (37b) 

(B = refraction constant, A is expressed in microns). 

The tremendous increase of the atmospheric dispersion toward 
shorter wavelengths demonstrates the advantage of positional work 
in wavelengths longer than the conventional photographic range 
(table 11). This has been gradually realized in parallax and other 
long focus astrometric problems. The photographic effective wave¬ 
length is usually between A 4000 and A 4500, and is strongly dependent 
on spectral type. In photovisual photography the effective wave¬ 
length is about A 5500. Here the dispersion is several times smaller, 
and by using a yellow filter the range in effective length for different 

n Groningen. Publ. No. 43, table 6, 75. 1928. 

n Astr. Nachr. 192:315. 1912. 
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spectral types becomes negligible. With a photovisual combination 
at \ 5500 both Hertzsprung 52 and Strand, 53 for example, find an in¬ 
crease of effective wavelength of about 20 A. from spectral types A to 
K, which corresponds to a decrease in the refraction constant of 
".007 only. In conventional photographic astrometry at about A 4500, 
a change of 200 A. may exist for the same change in spectral type, 
giving a difference in the refraction constant of over ".1! 

The erstwhile objections of the relative speed of yellow sensitive 
and blue sensitive emulsions do not appear to hold any more since 
the increase in speed in the photovisual range has been between 15- 
and 20-fold during the past twenty-five years. 


Table 9 


m 

Distance in mega- 
parsecs. 

Apparent effective 
diameter 

14 

6 3 

32" 

15 

10 

20 

16 

16 

13 

17 

25 

8 

18 

40 

5 

19 

63 

3.2 

20 

100 

2.0 

21 

160 

1.3 


Table 10 

Number op Objects per Square Degree down to Different Magnitudes 



Stars 

Extragalactic objects 

pg. mag. 

gal. lat. 

5 

6 

7 

8 

9 


14 

15 

16 

17 

18 

19 

20 

0°-5° 

.055 

.15 

.42 

1.1 

3 3 

12 

_ 

_ 

_ 

.004 

018 

.07 

.23 

5 -10 

.042 

.12 

.32 

1 0 

2.5 

7 

.01 

.06 

.23 

.9 

3 

6 

14 

60 

10 -20 

.031 

.09 

.25 

.69 

1.9 

5.2 

.05 

.21 

.83 

3.3 

13 


50 

210 

20 -30 

.023 

.066 

.19 

.53 

1.4 

4 0 

.09 

.35 

1.4 

6 

22 


90 

350 

30-40 

.019 

.056 

.16 

.44 

1.2 

3.2 

.11 

.4 

1.7 

7 

28 


110 

440 

40-50 

.017 

.050 

.14 

.39 

1 ,0* 

2.8 

.12 

.5 

2.0 

8 

31 


120 

490 

50-60 

.015 

.046 

.13 

.35 

1.0 

2.4 

.13 

.5 

2.1 

8 

33 


130 

520 

60-70 

.014 

.044 

.12 

.33 

1.0 

2.2 

.13 

.5 

2.1 

9 

34 


135 

540 

70-80 

.013 

.042 

.11* 

.31 

1.0 

2.0 

.14 

.5 

2.2 

9 

35 


140 

550 

80 -90 

.013 

.041 

.11* 

30 

1.0 

2.0 

.14 

.6 

2 2 

9 

35 


140 

560 


« Publ. Aph. Obs. Potsdam No. 75, 13. 1920. 

** Aim. Sterrewacbt Leiden 18: pt. 2, 7. 1937. 
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Table 11 

Refraction and Dispersion Constant 








MEAN PARALLAXES FROM PECULIAR MOTIONS 

By Emma T. R. Williams 

From, the Leander McCormick Observatory, University of Virginia, 
University, Virginia 

The publication in recent years of several catalogs of proper motions 
of stars fainter than tenth magnitude, has made possible a number of 
investigations into the mean parallaxes of these stars. Most of these 
discussions deal with peculiar motions, because, with two exceptions, 
relative rather than absolute motions have been published in the cata¬ 
logs and these are better suited to investigations of peculiar rather 
than of parallactic motions. It is desirable that both types of in¬ 
vestigation should be made because of the value of various independent 
approaches. Here, however, we shall consider chiefly the mean 
parallaxes from peculiar motions. 

MATERIAL 

There are six chief sources of photographic proper motions of 
stars fainter than 10th magnitude, if we exclude investigations in 
which only stars of large motion are measured. These are listed in 
table 1 in order of publication. 


Table 1 


Observatory 

No. of 
Areas 

No. of 
Stars 

Average 
Limiting 
Pg. Mag. 

Average 
p. e. Rel. 
Motions 

Portion of 
Sky Sampled 

Groningen 1 

33 

4,665 

12.0: 

0".006 


Cambridge 2 

31 

3,247 

12.3: 

.004 

0° to +60° 

Radcliffe 8 

115 

32,400 

15.2 

.004 

0° to +90° 

McCormick 4 

341 

17,782 

13.3: 

.006 

—25° to +80° 

Pulkova 6 

74 

17,997 

14.8: 

.0046 

4-15° to +75° 

Cape 6 

1512 

41,397 

11.2: 

,005 

-40° to —52° 


1 Publ. Kapteyn Astr. lab. Groningen, Nos. 28, 30, 33, and 39, 1913-25. Twenty-four 
of the regions lie in the Zone -40° to -50°; the other nine are scattered in the northern 
sky. 

s Cambridge Astr. Obs. 24. 1928. Twenty-five of the regions lie within 20° of the 
galactic circle. 

* The Raddiffe Catalogue of Proper Motions. 1934. These are Kapteyn Selected 
Areas. 

4 AJ 46: 9. 1987; or Pnbl. Leander McCormick Obs. 7. 1937. 

* Pnbl. Pulkova Obs. 56. 1940. These are Kapteyn Selected Areas. 

■ Proper Motions of Stars in the Zone Catalogue of 20,843 stars, 1900, Royal Observa¬ 
tory, Cape of Good Hope, 1936. This volume includes chiefly stars brighter than 10th 
magnitude. The volume containing the motions of 20,554 fainter stars has not yet been 
received although it was reported as ready for the press three years ago in MN 98: 491. 
1938. The error, 0".005, seems to apply to stars brighter than tenth magnitude. 
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The Cambridge motions have been analyzed by Smart and by Sten- 
quist; however, I have not included Smart’s investigation 7 in this 
discussion since he deals in the main with stars brighter than tenth 
magnitude. The Radcliffe motions have been discussed by Oort and 
by van Hoof, and the McCormick motions by the McCormick ob¬ 
servers. The other catalogs have not as yet been used for the 
derivation of mean parallaxes from peculiar motions. In the case of 
the McCormick and Pulkova motions, reduction to absolute motion 
was effected by means of bright stars of known proper motions. In 
the other cases the reduction was indirect, by means of extrapola¬ 
tions from the Groningen tables of secular parallaxes, etc. 

METHODS 

It is fortunate that the methods employed by the various investi¬ 
gators are diverse and that three different catalogs of motions have 
been used. The simple text-book formula for deriving the mean 
parallaxes from tau-components is: 


4 74(51 



where p is the mean parallax, V is the mean peculiar velocity in 
kilometers per second obtained from stars of known radial velocity, 
or known parallax and proper motion, and |t| is the arithmetical 
mean of the tau-components disregarding sign. Here, |t| must be cor¬ 
rected for the systematic influence of the accidental errors. We 
have, approximately, 

I T i^corrected = MObserved — (average error) 2 

Obviously it is desirable that the average error be relatively RTnB.11 if 
we are to place much confidence in |rjcorrected- 

However, none of the four investigations published in the past 
five years has used this simple formula as it stands, because by this 
time we have sufficient knowledge of the velocity distribution of the 
stars to be able to take into account the fact that the mean peculiar 
velocity is not the same in all directions. In fact, only two of the 
four investigations deal with tau-components, namely, that of van 
Hoof 8 which was undertaken at the suggestion of Professor Oort, and 
that of the McCormick observers 4 for which the present author was 
responsible. Van Hoof assumed the relative lengths of the axes of 

T MX 96:132. 1935. 

* BAN 8:67. 1936 
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the velocity ellipsoid as 1.00, 0.63, and 0.50, whereas McCormick 
assumed them as 1.00, 0.75, and 0.50. In both investigations, allow¬ 
ance was made for the variation of the size of the velocity ellipsoid 
with spectral type and luminosity, but no account was taken in either 
of the variation of the shape of the ellipsoid. 9 To find the mean value 
of the peculiar velocity in the direction of the tau-component of any 
particular region, the same formula was used in both investigations. 
The chief differences in procedure between the two investigations 
follow: (a) van Hoof used tau-components referred to the alge¬ 
braic mean of all the tau-components of stars of the same magnitude 
class in the region, whereas McCormick used the tau-components of 
motions which had been reduced to absolute motions by means of the 
known absolute motions of bright stars in the region and also by the 
mean parallactic motion of all the stars_in the region; (6) for each 
class in each region van Hoof corrected |r| 0 bserred by means of the rela¬ 
tive accidental errors and immediately derived the corresponding 
value of p, whereas McCormick first] grouped a number of regions 
together, then corrected by means of the absolute accidental errors 
and finally derived p for the group; and ( c ) van Hoof presumably 
spread the effect of the large proper motion stars in some manner 
similar to the one mentioned in the next paragraph whereas Mc¬ 
Cormick excluded three stars (out of 18,000) with proper motion 
larger than 0".5. 

A variation of the tau-component method was used by Oort. 19 His 
investigation was based on the same catalog of proper motions as that 
of van Hoof and is similar in nearly every respect except that instead 
of using tau-components he used a new component which he designated 
as ih- For each region he chose the direction of p* so that it would lie 
as nearly as possible parallel to the principal axis of the velocity 
ellipsoid without coming within 66° of the direction to the solar apex. 
By doing this, he increased the size of the component relative to the 
size of tiie accidental error, an advantage particularly with respect 
to the faintest groups of stars. But this procedure necessitated cor¬ 
rections to the motions to eliminate the effect of the component of 
the parallactic motion which was thus unavoidably introduced. 
Again, in order to avoid the irregularities caused by stars of large 
proper motion (greater than 0".l in the m direction) he treated these 
stars separately, spreading their effect over all the regions. 

t Thus Nordstrom finds evidence that the ellipsoid is more elongated for the main 
sequence stars than for the late type giants. Medd. Lund. 2 (T9): 1936. 

» BAN 8: 75. 1936. 
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A fourth, investigation of mean parallaxes from peculiar motions 
was made by Stenquist. 11 His procedure is a modification of the 
method of the Charlier school. For each star in his investigation he 
determined the absolute magnitude by Lindblad’s spectrophotometric 
criteria. Then he grouped the stars according to the spectral class 
and the modulus (m-M) and solved the material of each group for 
the velocity ellipsoid, making suitable allowance for the influence 
of errors in the apparent and absolute magnitudes and also for the 
errors in the motions. Since the axes of the ellipsoids derived from 
stars of large modulus are in every case much larger than those 
derived from stars of the same spectral type but smaller modulus, 
and these in turn are larger than those of nearby stars, he was able 
to draw conclusions as to the amount of absorption of light in space 
and the corresponding distances of the various groups. He used 
relative motions for his velocity ellipsoid solutions, referring both 
components of motion (namely n and r>) to the mean of the motions 
of all stars in the same group and area. 

MEAN PARALLAXES OF STARS GROUPED ACCORDING 
TO MAGNITUDE 

There are several assumptions underlying the derivation of mean 
parallaxes of magnitude groups, since it is necessary to estimate the 
relative numbers of giants and dwarfs and the lengths of the axes 
of the velocity ellipsoid for dwarfs. It is to some extent fortuitous 
that the size of the resulting composite ellipsoid as estimated by the 
Leiden investigators is in such close agreement with that estimated 
independently by the McCormick investigators for the twelfth and 
thirteenth magnitude groups in the different zones of latitude and it 
does not necessarily indicate that they are both nearly correct. In 
table 2 is presented a comparison of the mean parallaxes for these 
two magnitude groups. 12 The fourth set has been obtained from the 
McCormick parallactic motions on the assumption of a solar velocity 
of 20 km/sec for each group. There is no justification for this as¬ 
sumption except that when it is used the mean parallaxes from the 
McCormick parallactic motions agree on the whole better with those 
from the McCormick peculiar motions than when higher solar veloc¬ 
ities are assumed in higher latitudes. Actually we have very little 
observational knowledge as to the solar velocity with respect to 
stars at such great distances from the galactic plane. Since we 

11 TJpsate Medd. No. 72. 1937. 

u Stenquist made no investigation according to magnitude groupings. 
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Table 2 


Investi¬ 

gation 

Mean 

Galactic 

Latitude 

No Of 
Areas 

No. of 
Square 
Degrees 

Mean Pg. Mag. 12.0 

Mean Pg. Mag. 13 0 

No. of 
Stars 

P 

No. of 
Stars 

P 

van Hoof 

8 ° 

17 

8 

300 

".0019 

700 ".0015 

van Hoof 

26 

10 

13 

300 

.0022 

600 

.0021 

van Hoof 

53 

18 

18 

200 

.0033 

400 

.0025 

Oort 



4° 

14 

6 

312 

.0018 db 00014 

754 

0014 ±.00010 

Oort 



12 

14 

6 

193 

.0021 dfc 00018 

537 

.0015 ±.00012 

Oort 



25 

17 

12 

275 

.0027 00011 

664 

0021±.00007 

Oort 



62 

21 

21 

198 

.0043 db 00022 

456 

.0028 ±.00007 

McC (‘ 

T 

) 

6 ° 

81 

45 

2600 

.0026 ± 00013 



McC ( 

r 

) 

15 

54 

30 

1100 

.0024 ± 00013 



McC ( 

T 

) 

30 

86 

48 

900 

.0028 ± 00012 



McC ( 

T 

) 

57 

119 

66 

750 

0034 ± 00009 



McC (h/r) 

5° 

81 

45 

2600 

0028 d= 00018 

2500 

0026± 00020 

McC (h/r) 

15 

54 

30 

1100 

0023 ± 00024 

1100 

.0019 ± 00027 

McC (h/r) 

80 

86 

48 

900 

.0026 ±.00017 

800 

0018 ± 00020 

McC (h/r) 

57 

119 

66 

750 

0035± 00019 

700 

0031±.00020 


have assumed an increase in the peculiar motions with latitude, it 
appears to controvert the Stromberg diagram to assume a constant 
solar velocity, but perhaps this is justifiable. 18 The probable errors 
in table 2 were derived in every case from the interagreement of the 
data. Van Hoof’s probable errors are presumably of about the same 
size as those of Oort. Oort’s errors are relatively small because of the 
fact that he smoothed the effects of the large proper motion stars. 
The mean parallaxes from the McCormick tau-eomponents are re¬ 
garded as too unreliable at the thirteenth magnitude to justify their 
inclusion. 

Van Hoof has already shown that there is very good agreement be¬ 
tween his mean parallaxes and those of Oort when the same selected 
areas are considered. Actually, van Hoof discussed a somewhat 
different set of areas from those used by Oort and consequently their 
mean parallaxes differ considerably in high latitudes, but no more than 
would be consistent with their probable errors. It is to be expected 
that these two sets of results would agree with one another since they 
are based on the same catalog of motions and reduced with the same 
underlying assumptions. In fact, they cannot be regarded as inde¬ 
pendent determinations of mean parallaxes. 

Comparing the four sets of values of mean parallaxes in tabus 2, 
we find the agreement entirely satisfactory except in the lowest 
latitudes. Here we find the same sort of disagreement which will be 


11 Cf. Williams, ApJ 84:346. 1936; Oort. BAN 8: 84. 1936 ; Brans, MN 99:248 less. 
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shown in table 6 for the low latitude A stars. Both the Leiden- 
Radcliffe discussions show considerably smaller parallaxes than the 
two McCormick discussions and the Stenquist discussion. The fact 
that the agreement in higher latitude zones is satisfactory points to the 
conclusion that it is not the method of treatment but the selection 
of the regions in low latitudes which introduces the discrepancy. 
Oort has only fourteen regions in galactic latitudes less than 10° and 
van Hoof has only eight, so that there is considerable danger of 
sampling error arising from irregularities due to absorption and unde¬ 
tected moving clusters. In particular, neither investigation included 
any region within 40° of the direction toward the galactic center. It 
is true that the Kapteyn areas discussed by Oort were originally 
chosen with a view to avoiding extremes of apparent absorption and 
clustering, but it may be questioned whether such a selection would 
give us the same results as a large number of areas selected at random. 
For the large parallaxes in a heavily obscured area will probably 
more than counterbalance the small parallaxes in an area free from 
absorption so that the mean parallax from the two areas would tend 
to be larger than the mean parallax from Kapteyn’s “average” or 
“normal” regions. 14 

For the magnitude groups 10.0 and 11.0 the agreement is not so 
satisfactory. Oort’s values being about 25 per cent greater than 
the McCormick values except in the lowest latitudes, where they 
agree. This is doubtless due to the fact that Oort treated these 
brighter stars in a somewhat different manner since they were few in 
number. Probably the McCormick values are more reliable here. 

For the magnitude groups fainter than thirteen where no spectra 
are available the situation is not so favorable since the peculiar mo¬ 
tions are functions of spectral class and since the spectral distribu¬ 
tion is essentially irregular. It was Pannekoek, I believe, who was 
the first to point out this unevenness. 15 From a study of the A and K 
stars of the Henry Draper Catalog he concluded that “the condensa¬ 
tions of the K stars generally do not correspond to those of the A 
stars.” Such irregularities in spectral distribution may be verified 
from an inspection of the McCormick spectral plates. To illustrate 
this point we may examine the spectral statistics in the Selected Areas 
with galactic latitude less than 10° which have thus far been published 
at Bergedorf. There are just ten of these regions. If we find a pair 
of areas in the same galactic latitude and with approximately the 


u Kapteyn, “Han of Selected Areas,” pp. 7, is. and 16,1923. 
“ Publ. Astr. Inst. TJniv. Amsterdam No. 2. 67. 1929. 
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same number of A stars, we might assume that the number of K and 
M stars would also be about the same. But this is not at all the 
case as is shown by the three comparisons in table 3. Here the 

Table 3 


133° +9° 16 42 40 8 14 

47 +9 13 55 133 69 12 

Ratio 1.2 0.8 0 3 0.1 1.2 

68 +6 32 92 42 4 13 

120 -7 27 75 53 26 18 

Ratio 1.2 1 2 0.8 0.2 0.7 

106 +3 37 88 31 5 23 

53 0 41 113 59 45 28 

Ratio _ 0 9 0 8 0 5 0 1 _<LS 

* At the conference Professor Bok criticized the inclusion of SA 40 in the comparison, 
on the ground that the obvious irregularities make it unrepresentative. It appears that 
in the heavily obscured parts of the area the number of KO-M stars Is about the same as the 
number of B6-A4 stars, whereas in the star clouds the ratio is about half as great. How¬ 
ever, even excluding the obscured parts of this area, the tendency shown in Table 3 would 
8 tfll be weU pronounced. 

magnitude limits in columns 4 to 7 are so chosen that in each area 
stars in approximately the same region of space are counted. In each 
of the six areas, stars fainter than 13 m .5 are classified so that the 
counts quoted in table 3 are probably about complete. It is seen 
that the relative excess of late type stars in areas 39, 23, and 40 be¬ 
comes most marked in the latest types. If the excess were largely 
due to dwarfs in nearby star clouds we should expect an excess of A 
stars in the brightest group (column 8); and we should expect much 
larger mean parallaxes than those found by Oort (col umns 9 and 10). 
A possible alternative is that the galactic star clouds are characterized 
in some degree by the same type of spectral inhomogeneity as is found 
in the galactic clusters. In any event, it appears that such wide varia¬ 
tions in relative spectral distribution are not unusual. Probably there 
is no more justification for regarding the luminosity function as a con¬ 
stant function of the latitude than there is in the case of interstellar 
absorption, but both assumptions must be made in the absence of 
more detailed knowledge. 

Van Hoof's faintest magnitude group is at 14 m .5 and Oort’s at 14 m .8. 
When use is made of the low latitude material, the disagreement 
in mean parallaxes in the brighter groups should be borne in mind. 


25 

39 

18 

23 

9 

40* 


Star Counts from Bergedorf Spectral Statistics 


Sel. 

Galactic 

B6-B9 A0-A4 K0-K4 K5-M 

B6-A4 



m m m mmmmm 

m 

Area 

Long. Lat. 

10.5-11.5 11.0-12 0 12.0-13.0 12.0-13.0 

0-8.5 

(1) 

(2) (3) 

(4) (5) (6) (7) 

(8) 


Oort’s p 

All Spectral Types 
mm mm 
11.5-12.4 12.5-13.4 


(9) 

(10) 

" 0016 

".0017 

0021 

.0023 

0031 

0017 

.0000 

.0027 

0011 

0012 


not used 
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Oort states that his mean parallaxes for these stars are not so trust¬ 
worthy on account of uncertainties as to the errors. Now that the 
Pulkova motions for the Selected Areas are available, the errors may 
be considerably reduced for the faint stars by a combination of the 
two sets of measures. Although the limiting magnitude of the Pulkova 
material is about half a magnitude brighter than that of the Radcliffe 
material in the average, there is still sufficient material to improve 
considerably on the reliability of Oort’s faintest group. 16 

It appears to be too early to present a table of the most probable 
mean parallaxes in view of the outstanding discordance in the lowest 
latitudes. More light will be thrown on this question in a couple 
of years when the second instalment of the McCormick general proper 
motion program is completed. Furthermore, the reference stars from 
the McCormick program for Cepheid proper motions will include 
more than 500 A stars and the accuracy of their motions will be com¬ 
parable with those of Smart, Radcliffe, and Pulkova. 

It should be mentioned that if there is any considerable tendency 
for the stars to move in open cluster formation then all of the mean 
parallaxes in low latitude will be systematically too small, since they 
are all derived from relative motions rather than absolute. 11 

NORTH-SOUTH ASYMMETRY 

There is another aspect of the matter to be considered. The Mc¬ 
Cormick discussion of tau-components indicates that the mean 
parallaxes north of latitude + 20° are, zone for zone, systematically 
about ten per cent greater than those south of —20°. The Mc¬ 
Cormick secular parallaxes show a much more pronounced effect of 
about thirty per cent, and the asymmetry appears in all latitude zones. 
Curiously enough, although the Radcliffe proper motions as discussed 
by van Hoof and Oort show no sign of it, none the less it appears well 
pronounced in the parallactic motions of the Pulkova reference stars 
for the Selected Areas which have been reduced to absolute motions 
by means of the meridian circle observations of Hins. Table 4 pre¬ 
sents the Pulkova material; taken by itself, the table would not con¬ 
stitute conclusive evidence of a North-South effect, but in conjunction 
with the McCormick secular parallaxes which are obtained in such 

l * As a matter of fact, Oort did not use the Radcliffe material for the faint est stars* 

17 Even the McCormick tau-components are more relative than absolute in low lati¬ 
tudes, since actually, before the individual tau-components were derived, the McCormick 
motions in low latitudes were reduced to absolute by means of the secular parallax of all 
stars in the region (weight 1.5) as well as by Tne&na of the Boss star (average weight 0.7). 
This would smooth over any local irregularities in the motions. 
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an entirely different manner, we can no longer regard the effect as 
accidental. 


Table 4 


Secular Parallax or Pulkova Reference Stars 
Mean Pg. Mag. = 13 2 


Galactic 

Latitude 

North 

South 

N-S 

1° to 10° 

+" 006rb 006 

001 ± 003 

+".007=fc 006 

11 to 20 

+ .015±.005 

+ 004±.003 

+ .Olldb.006 

21 to 40 

+ . 011=b 004 

+ 001± 002 

+ 010=fc.004 

41 to 50 

+ .016d=.002 

+ 008=t 003 

+ .008d=.004 

51 to 90 

+ 013=1= 001 

none 

— 


The North-South effect (table 4) might possibly be attributed to 
local systematic errors in the fundamental system, even though, in 
the McCormick material it is shown independently by the motions 
in right ascension and by those in declination, no matter whether the 
motions are on the GC or on the TK3 system. 18 But there is another 
aspect which seems to give definite proof that the stars in the northern 
hemisphere are actually nearer, zone for zone and magnitude for 
magnitude, than those in the southern hemisphere. Thus, if we 
measure the dispersions of the motions not by means of relative 
peculiar motions but by means of absolute mean motions, we find 
that the groups in the northern hemisphere are more erratic in their 
motions, i. e., show greater deviations from the predicted motions 
than the groups in the southern hemisphere. Table 5 presents a 
summary of the material from this point of view. It is seen that the 
McCormick and the Pulkova material agree in this respect, too. 


Table 5 

Probable Error of One McCormick Equation 


Galactic 

Latitude 

North 

South 

N-S 

0° to 10° 

".Q033=fc" 

0005 

".0029±" 

'.0004 

+".0004=1=" 

0007 

11 to 20 

.0032 

.0005 

.0043 

.0008 

- .0011 

0009 

21 to 40 

.0039 

.0006 

.0024 

.0003 

+ 0015 

0006 

41 to 60 

.0046 

.0006 

0030 

.0005 

+ .0016 

.0008 

61 to 90 

.0058 

.0011 

.0029 

.0007 

+ 0029 

0013 


is Williams & Osborne, AJ 47: 43. 1938. 
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Table 5— Continued 

Probable Ebbob of One Pulkova Detebmination of hjr 


0° to 10° 

".013 ±".003 

// .006± /, .001 

+".007db".003 

11 to 20 

.011 .003 

.008 .001 

+ .003 .003 

21 to 40 

.009 .002 

.005 .001 

+ .004 .002 

41 to 50 

.006 .001 

.005 .001 

+ .001 .001 


It remains unexplained, then, why the dispersions of the peculiar 
motions show the effect so poorly in the McCormick material and not 
at all in the Leiden-Radcliffe material. Perhaps it is relevant that 
the zones in which the McCormick reductions to absolute motion 
were least smoothed by the parallactic motion reduction are the zones 
which show the North-South asymmetry most clearly. Furthermore, 
the method of smoothing over the large motions in the Leiden discus¬ 
sions would tend to obliterate any such effect if it existed. Here 
again, we may hope that additional material will clarify the matter. 

MEAN PARALLAXES OF A STARS 

Probably fewer assumptions are required in a discussion of the 
mean parallaxes of A stars than in the case of other spectral groups. 
For the dispersion in absolute magnitude is not great for A stars; 
moreover, systems of spectral classifications of faint stars agree with 
one another better in class A than elsewhere. 18 However even with 
A stars, a comparison of results is not entirely straightforward, be¬ 
cause, as is seen in table 6, Oort used the Groningen spectral grouping 
and because Stenquist subdivided the material according to the 
modulus (m — M) instead of according to apparent magnitude. 20 
Furthermore, the dispersion in apparent magnitude is rather large in 
the McCormick grouping. Probably the best argument according to 
which we may arra nge the values of f for comparison is the mean 
value_of the modulus m — M. This involves assuming suitable values 
for M tt which are indicated with asterisks in table 6. Opposite 
Stenquist are tabulated minimum values of g corresponding to a 
minimum average of two magnitudes of interstellar absorption which 
he concluded was indicated by his material and treatment; actually, 
Stenquist derived f, rather than p . The mean parallaxes obtained 
from the parallactic motions of the McCormick stars are included 
for comparison. The probable errors are computed from the internal 
agreement of the data. 

» Vyssotsky, ApJ 93 : 425. 1941 

80 Van Hoof did not discuss the separate spectral groupings at all. 
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".OOlldh 0002 
.0011± 0001 
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.0027±.0003 
.0034 dt. 0004 
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It is imm ediately evident that there is a systematic difference be¬ 
tween Oort’s values of p and those of Stenquist and McCormick. It 
has already been shown that the same sort of discrepancy appears 
between the values of p found by Oort and Van Hoof and those found 
by McCormick for the magnitude groupings in low latitudes. In 
looking for the cause we note that there are undesirable features in 
each of the investigations. 

The chief weakness of the Stenquist and Oort investigations lies in 
the small number of samples in low galactic latitudes. In the first 
case, the number of areas with latitude less than 10° is only fourteen; 
in the second it is sixteen. 

The weak point of the McCormick material is that the average 
error of observation is relatively large and consequently a small 
change in the value assumed for it will make a considerable difference 
in the values of the small parallaxes, such as in the zone ± 11° to 
± 20°. For instance, a five per cent increase in the value adopted 
for the accidental error would be sufficient to place all of the ninety 
B stars well out beyond infinity 1 A slightly greater increase would 
reduce the parallax of the 200 A stars in the zones ± 11° to ± 20° 
to zero; even so, the mean parallax of all the A stars in the 0° to ±: 20° 
zone would be reduced only from ".0026 to "0022. A slight correc¬ 
tion might be introduced to allow for the greater dispersion in ap¬ 
parent magnitude in the McCormick material. This would decrease 
both of the McCormick values by perhaps ".0002. 21 But I have not 
been able to find any reason to reduce them by an amount sufficient 
to bring about agreement with Oort’s values. 

According to Oort’s computations, his values of p would correspond 
to an average absorption in the galactic plane of one magnitude 
per kiloparsec although his accidental errors would allow any value 
up to two and a half magnitudes. The absorption at latitudes ± 10° 
would be considerably less. The Stenquist and McCormick values 
of p correspond to an average of two magnitudes per kiloparsec 
throughout the zone from — 20° to + 20°. It is evident that which¬ 
ever discussion we favor, the average absorption indicated is consider¬ 
ably greater than it is frequently assumed to be. 


11 There is also a very slight reduction on account of a second order effect of galactic 
rotation to the mean parallaxes derived from, absolute tau-components. This effect has 
been demonstrated by Edmondson (MN 99 : 525. 1939). It Is possible to show that 
allowance for this would make practically no difference to the Atia! values, since the 
McCormick tau-components as actually used are more nearly relative than absolute, cf. 
note 13 This reduces the already small effect to one third of its value. 
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SUMMARY 

Comparisons are made of the mean parallaxes of stars fainter than 
tenth magnitude as derived by various methods and from various 
sources of material. In galactic latitudes greater than 10° the results 
for twelfth and thirteenth magnitude stars are in satisfactory agree¬ 
ment with one another provided a solar velocity of 20 km/sec is as¬ 
sumed in the reduction of secular parallaxes to the mean parallaxes 
for all latitude and magnitude groups. In the lowest latitudes, how¬ 
ever, there appears to be a systematic difference between the mean 
parallaxes derived from the Selected Areas and those derived from 
the McCormick and Cambridge areas. This is probably due to a 
difference in sampling. As a consequence the space absorption de¬ 
rived from the two latter sources is considerably greater than that 
derived from the Selected Areas. 




THE LUMINOSITY FUNCTION 

By W. J. Ltjyten 

From (he Observatory of the University of Minnesota 

In attempting to determine the form of the luminosity function 
there must first be considered the question whether or not there is a 
universal luminosity function, i. e., whether or not the distribution 
of stellar luminosities is the same in the neighborhood of the sun as 
elsewhere in the galactic system. At present no direct observational 
evidence is available on this point nor is it likely that any will be 
forthcoming within the next several decades. The present luminosity 
function indicates a maximum frequency at about absolute magnitude 
+15 photographic; to determine the luminosity function at even 
so small a distance as 100 parsecs it would thus be necessary to have 
complete statistical information on the proper motions (down to 0".01) 
and parallaxes or spectra down to the 21st magnitude for, say, half a 
dozen areas in the sky of some 30 square degrees each. It is evident 
that we must now be satisfied with deriving the luminosity function 
for the imm ediate vicinity of the sun and be careful not to ascribe any 
properties of universality to this function. 

Any proper determination of even this local luminosity function 
must be based on the three following points: 

(a) Derivation of the frequency of proper motions, if possible 
down to the eighteenth magnitude and to 0"J2 annually. 

(b) Determination of the mean parallax as a function of apparent 
magnitude and proper motion. 

(c) Determination of the dispersion of the true parallaxes around 
this mean. 

The writer’s survey for large proper motions covers 94 per cent of 
the southern hemisphere and is complete down to 14.5. Data for 
stars between 14.5 and 16.5 were derived from plates covering only 
6 per cent of the southern hemisphere. In addition to the southern 
survey more than 100 pairs of plates have been blinked at Minnesota 
by the writer and his collaborators. Using this survey to supplement 
those made by Wolf and Ross we find that, roughly, five-sixths of 
the northern hemisphere has now been blinked. There is, however, 
a woeful lack of homogeneity between these surveys—in limitin g 

( 201 ) 
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magnitude, completeness over the plate, and in accuracy of the mo¬ 
tions measured. Any estimates that can now be made for the total 
number of proper motion stars in the northern hemisphere must be 
considered as extremely provisional, therefore. There are still indica¬ 
tions that the northern hemisphere is richer in faint stars with very 
large proper motions, as is shown by the data in table 1 but it would 
be premature to draw conclusions until more information is available. 
Table 2 shows the numbers of stars with proper motion in excess of 


Table 1 

Number or Proper Motion Stars in Northern and Southern Hemispheres 


■ 

North 

South 

P > l"-4 \ 

36 (known) 

25 


44 (est. total) 



0".5 now known, and the total numbers predicted in both the northern 
and southern hemispheres. For stars fainter than 14.5 the number 
in the northern hemisphere has been assumed equal to that in the 
southern. 

For motions between 0".2 and 0".5 annually estimates have been 
made by the writer for the area south of declination — 60 where all 
motions found in the survey have been measured. Since then, 
measures have likewise been completed for 33000 stars between — 60 


Table 2 



Known 

Still to be found 

Estimated total 

M>1" 

138 S 

4 S 

142 S 

m < 14.5 

126 N 

22 N 

148 N 

0".5 < /* < 1" 

545 S 

23 S 

568 8 

m < 14.5 

513 N 

77 N 

590 N 

m >0".5 
« < 14 5 

1322 

126 

1448 

m > 0".5 

172 S 

610 8 

782 8 

16.5 > m > 14.5 

103 N 

679 N 

782 N 


275 

1289 

1564 

m > G".5 
m < 16.5 

1597 

1415 

3012 




























LUYTEN: THE LUMINOSITY FUNCTION 


203 


and — 40, and a discussion is in progress. The numbers obtained for 
these areas are deemed to be accurate down to 14.5 and fairly reliable 
to 16.5. Down to 13.5 the writer’s survey agrees fairly well with and 
thus confirms the results obtained at Groningen, Greenwich, Radcliffe, 
and McCormick. 

For stars fainter than 14.5 a comparison with the Mt. Wilson survey 
of selected areas only is available. For this survey van Maanen 
states that it should be virtually complete for motions larger than 
0".l annually. If the writer’s survey of the south polar area is any¬ 
where near representative for the whole sky van Maanen appears to 
have missed about 50 per cent of the stars with motions larger than 
0 ". 10 . 

Concluding we find that the situation for stars brighter than 14.5 
and with motions larger than 0".5 annually may be considered satis¬ 
factory, but that this is not the case for stars either fainter or with 
smaller motions. One of the most urgent desiderata is the blinking 
of plates showing stars down to the 18th magnitude in order that we 
may arrive at greater certainty concerning the number of stars in the 
sky between 14.5 and 16.5 or even 18.5 with proper motions larger 
than 0".2 annually. 

Information concerning points (5) and (c) is obtained from a dis¬ 
cussion of the trigonometric parallaxes of stars of large proper motion. 
A good deal of uncertainty still exists on both points especially when 
applied to stars with motions less than 0".5. As an illustration we 
may use the following: suppose we wish to determine statistically 
the numbers of stars of each absolute magnitude nearer than 10 
parsecs and are considering the contribution made by the stars between 
17.5 and 18.5 with motions between 0".2 and 0".3 annually, or, 
m = 18.0, p. = 0".25. For these stars the absolute magnitude prob¬ 
ably lies between 13.5 and 14.0. Those stars nearer than ten parsecs 
hence deviate from this mean by 4.0 to 4.5. At present the dispersion 
in the parallaxes is uncertain and its extreme range may be estimated 
as between 0.25 and 0.32 in log p, corresponding to 1.25 to 1.6 in M. 
Table 3 shows the respective percentages of these stars with m = 18, 
fi = 0".25 found to lie nearer than 10 parsecs as based upon these four 
limiting possibilities. 

Table 3 


Pebcbntages of Stabs w it h m — 18.0, ju = 0".25 Neabeb than 10 Pabsecb 



M - 13.5 

I M - 14.0 

<T P = 0.25 

0.017% 


<r p = 0.32 

0.256% 

| 0 61 5 <Te 
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Since the total number of stars of this kind in the sky is probably 
in the neighborhood of 18000 the actual contribution of the stars 
nearer than 10 parsecs may lie almost anywhere between 3 and 100. 
The limits chosen here are extreme and in actual practice it would 
probably be possible to narrow down the range considerably but the 
case may be used to illustrate the point. What is even more discon¬ 
certing is the fact that the actual dispersion in true parallax, or 
rather in log p/p almost certainly does not follow a normal error 
curve—the corresponding distribution of velocities would be dynami¬ 
cally unexplainable. Yet some analytical form for this function 
has to be adopted in order to make it amenable to use in the present 
instance. Assuming a normal error curve in log p/P implies an ex¬ 
tremely skew distribution in log T, as I have pointed out before. To 
take a concrete case, assume o*{ = 1.5; then the numbers of stars 
deviating between 3 and 4 units from this mean absolute magnitude 
amount to 0.7 per cent on both sides. Actually, however, those stars 
fainter than the mean absolute magnitude are confined to the limits 
between 0.158 and 0.251 of the distance corresponding to the mean 
absolute magnitude, whereas those on the bright side lie between 
four and six times this same distance; i e. the latter occupy a space 
13,500 times greater than the former. 

To illustrate how well the various observational data agree with 
each other within the framework of our present assumptions the fol¬ 
lowing calculations and comparisons may serve. 

Table 4 shows the distribution of the absolute magnitudes of the 
154 stars whose trigonometric parallaxes exceed 0".100, as compared 
with the numbers of stars expected within this region of space on the 
basis of the writer’s luminosity curve. (Publications of the Astro¬ 
nomical Observatory, University of Minnesota vol. 2, p. 152. 1939.) 


Table 4 


M 

N(ohs) 

J7(calc) 

M 

tf(obs) 

N( calo) 

<1.5 

2 

2 

10 

7 

29 

2 

2 

3 

11 

18 

34 

3 

2 

4 

12 

22 

38 

4 

7 

6 

13 

16 

42 

5 

10 

9 

14 

9 

46 

6 

10 

12 

15 

8 

46 

7 

15 

16 

16 

3 

40 

8 

13 

20 

17 

2 

31 

0 

8 

24 

18 

1 

19 
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Table 5 


M 

tf(obs) 

#(calc) 

2V(obs, p > 0".2) 

< 7.5 

48 

52 

6 

7.6-10.5 

28 

73 

6 

10.6-13.5 

56 

114 

10 


Condensing the data into those given in table 5 we find, as antici¬ 
pated that the agreement is satisfactory for M < 7.5, and that- few 
stars brighter than apparent magnitude 8 and with parallaxes larger 
than 0".l remain undiscovered. The sudden drop for those with M 
between 7.6 and 10.5 is surprising and may possibly be real as it 
shows in the stars nearer than 5 parsecs as well. This same drop 
in the frequency of absolute magnitude had been announced by van 
Ehijn (GP 47 Table 6) and it actually shows in all four provisional 
luminosity curves derived by the writer (Bruce Proper Motion Sur¬ 
vey No. 5, the Stars of Large Proper Motion and the Luminosity 
Function, pp. 150-153) but the curve finally adopted had been 
smoothed; this now appears to have been an error. 


Table 6 


m \ 

© 

i 

© 

l"-2" 

2 "- 4 " 

>4" 

<4.5 

52(1) 

18 

5 

2 


44 - 

13 

3 

1 


15 

7 

3 

0 

mu 


50 (2) 

11 

3 

■ 


32 

6 

2 

mmm 

mg 

30 

5 

4 


jagg 

140 (7) 

28 

7 

7.5-10.5 


66 

12 

3 


mm 

37 

8 

5 


1710 (515) 

278 (18) 

45 

8 

10.5-13.5 

647 (79) 

104 (1) 

17 

4 


485 

114 

16 

1 


2150 (615) 

390 (30) 

48 

7 

13.5-16.5 

834 (138) 

127 (2) 

15 

2 


1358 :: 

183 :: 

16 

2 
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If, for these 154 stars we calculate the relation between H and M, 
where H = m 5 - j- 5 log /i, we find: 

M > 7.0 H = M + 3.75 (42 stars) with a dispersion of 1.6 

7.1 > M > 12.0 = M + 4.56 (65 stars) with a dispersion of 1.4 

12.1 > M = M + 4.56 (48 stars) with a dispersion of 1.4 

As seen above, the 250 odd stars nearer than 10 parsecs which 
are as yet undiscovered should virtually all be fainter than M = 7. 
These same stars may also be expected to have smaller tangential 
velocities than those now known. Consequently the ultimate value of 
H — M for all stars fainter than M = 7 will be considerably less 
though it would appear unlikely that it could come down to the value 
of 3.75 for the stars brighter than 7.0 absolute, since in that case 
all the undiscovered stars nearer than 10 parsecs should have an 
average tangential velocity of no more than 22 km/sec. 

In any case there are strong indications that the regression of H 
on M which even now shows no progressive increase of T with a 
decrease in luminosity for M fainter than 7 ultimately may be found 
to show little or no such progression over the entire range of absolute 
magnitude. In other words, stars of small tangential velocity appear 
to be very numerous even among stars of low luminosity. 

Assuming as extreme cases that the regression of H on M for all 
stars nearer than ten parsecs lies between the two following limits: 

(а) H = M -f- 3.8 ±1.6 for M brighter than 7 

H = M + 4.5 ± 1.4 for M fainter than 7 and 

(б) H = M + 3.8 ± 1.33 for all stars 

we may attempt to check our several assumptions by using them to 
calculate the distribution of large proper motions for stars brighter 
than 16.5 m w . The results of this are shown in table 6 where in 
each square are given: on the first line, the total calculated num¬ 
ber of stars derived from the assumptions that the luminosity func¬ 
tion is a constant in space and that above assumption (a) holds true. 
On the second line, the total number of stars similarly calculated on 
the basis of assumption (6). On both lines, the numbers in paren¬ 
theses indicate the contributions made to the total numbers by stars 
more distant than 50 parsecs. On the third line, the observed num¬ 
bers, i. e., for stars brighter than apparent magnitude 10.5 the actually 
known numbers in both northern and southern hemispheres, for 
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stars between 10.5 and 13.5 the estimated totals for northern and 
southern hemispheres combined, and for stars between 13.5 and 16.5 
twice the estimated totals for the southern hemisphere alone. 

Table 7 gives, further, the actually observed total numbers of stars 
of determined photographic apparent magnitude (second column), 
the total number of such stars contributed by the stars nearer than 
50 parsecs (third column), and similarly the number contributed by 
the stars between 50 and 316 parsecs (fourth column). 


Table 7 


m pg 

-4m(obs) 

A n r < 50 

A m 50 < t < 316 

4.5 

600 

425 

166 

5 

1150 

460 

1300 

6 

3150 

660 

6350 

7 

8600 

910 

25400 

8 

24000 

1260 

69250 

9 

64500 

1660 

115400 

10 

166000 

2100 

166000 

11 

422000 

2600 

227500 

12 

1000000 

3100 

326000 

13 

2500000 

3800 

414000 


It may be noted that all calculated numbers in the first line in 
each square of table 6 are much too large, some by a factor of more 
than 2 :1 and only those in the second line, which we had believed to 
represent an actual extreme limit begin to approach the right order 
of magnitude. In table 7 the agreement is poor even for stars as 
bright as m = 5 which suggests that even at r = 50 parsecs the star 
density begins to be appreciably less than near the sun. The agree¬ 
ment of the data beyond m — 9 does not mean much as here the 
contribution made by stars further distant than 316 parsecs—which 
is neglected here—becomes considerable. In addition it appears 
likely that the frequency of stars brighter than absolute magnitude 
7 is less than that indicated by the writer’s luminosity curve. 

Table 6 shows a calculated total number of stars brighter than 
16.5 and with motions larger than 2" annually of 65 (assumption 6), 
and an estimated total number of 60, of which 50 are now actually 
known. For 45 of these parallaxes are known and among these we 
have: 
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Table 8 

Distribution of Stars with /»> 2" 


Distance 

Known stars 

No. calculated 

0-10 parsecs 

35 

51 

>10 

10 

14 


The calculated and observed distribution of tangential velocities for 
all stars nearer than 10 parsecs is shown in table 9. 


Table 9 


H-M 

Observed 

Calculated from 

H-M = 3 8 ± 1 33 

-1 

0 

0 3 

0 

1 

2 7 

1 

4 

15 

2 

9 

53 

3 

28 

105 

4 

45 

124 

5 

37 

87 

6 

19 

36 

7 

8 

8 

8 

2 

1.2 

9 

1 

0.1 


It would thus appear that the calculated numbers, which we thought 
to be based upon an extreme assumption as to smallness of tangential 
velocity and its dispersion are not yet extreme enough, except per¬ 
haps for the very largest velocities where the calculated numbers are 
slightly too low. It appears likely that the real H-M frequency 
curve is skew, perhaps with a modal value of + 3 agreeing with our 
present normal curve in total numbers of stars with H-M < 6.5 but 
giving appreciably smaller frequencies for 3.5 < H-M < 6.5. 

Further parallax observations are required, especially for stars of 
smaller proper motions, at least down to 0".2 annually, and hence 
a first desideratum is the determination of accurate spectral classes 
for as large a number of stars as possible down to at least 16.5. 
The real distribution of velocities cannot become known until at 
least several hundred more radial velocities of absolutely faint stars 
have been determined. 

All of the foregoing analysis applies only to stars brighter than 
-{-15 absolute, at least. For those fainter than this limit almost 
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nothing is known at present; the contribution made by these stars 
to the total light or total mass is insignificant. It is entirely pos¬ 
sible that the frequency of stars as faint as +18 absolute or fainter 
is much greater than that indicated by the ■writer’s l umin osity curve. 

Summarizing we conclude that any or all of the following may 
be true: 

(o) The luminosity curve may not be a smooth curve but show 
“dips” in frequency as e. g. around -f- 7 to +11. 

(6) The total number of stars brighter than M = +15 may be 
somewhat less than that indicated by the writer’s luminosity curve. 

(c) The star density may be getting appreciably less even at dis¬ 
tances from the sun of no more than 50 parsecs. 

( d ) The mean tangential velocity of the stars in space in the 
neighborhood of the sun must be much less than that now found, and 
may be no more than 25-30 km/sec. 

(e) The true form of the frequency curve of tangential velocities 
is probably skew in log T, showing a mode at some value for H-M 
perhaps no greater than 20 km/sec. 

(/) There may be no universal luminosity function at all but the 
mixture of stars of different absolute magnitudes may differ radically 
over even comparatively small distances. 




THE MAGNITUDE SCALE TODAY 

By Frederick H. Sbabes 

Research Associate , Carnegie Institution of Washington 

When the international magnitudes of the North Polar Sequence 
(NPS) were adopted at the Rome conference of 1922 1 there was 
reason to believe that future data would scarcely change the photo¬ 
graphic scale in the region above the sixteenth magnitude. There 
was also evidence that the photographic and photovisual scales were 
mutually consistent to at least the eighteenth magnitude. Beyond 
this limit the results admittedly were less certain. In reviewing the 
situation today I shall be more interested in the present state of 
these fundamental standards than in the numerous uses to which 
they have been put. It is convenient first, however, to say something 
about a recent extension of the standards. 

It is not always easy to transfer the system of the original standards 
to other parts of the sky. The bright stars especially are too few 
in number and their color system is badly defined. To remove this 
defect and at the same time to supply abundant data for determin¬ 
ing the complicated plate corrections required by photographs made 
with large-field cameras, the International System has been extended 
to about 2000 neighboring stars brighter than the twelfth photo¬ 
graphic magnitude. 2 The results are based partly on existing cata¬ 
logs but mainly on recent photographs obtained by Dr. F. E. 
Ross of the Yerkes Observatory. The precision is usually compar¬ 
able with that of the NPS itself, the average mean error (exclusive 
of zero point) of a catalog magnitude being ±: 0.02, and, under 
favorable conditions, scarcely in excess of 0.01 mag. The color 
system seemingly agrees with the ill-defined system of the bright 
NPS stars within 0.01C (C = color index), although, owing to spectral 
peculiarities, the relations for early A-type stars are less certain. 

Deviations in zero point over the polar region of 10° radius rarely 
exceed 0.01 mag. This estimate depends on comparisons of inde¬ 
pendent determinations from overlapping plates, on closing errors 
for different zones of declination, and on comparisons with ex isti n g 
catalogs after reduction to the International System. For example, 

1 Trans. I. A. U. Is 71. 1922. 

* Scares, Boss, & Joyner, “Magnitudes and Colors of Stars North of +80°**, Carnegie 
Inst. Puhl. No. 532. A preliminary edition, the “Provisional Catalogue/* including photo¬ 
graphic magnitudes for all the stars and photovisual values for 331 of them was issued in 
mimeograph form in 1935. 
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the deviations of the individual photographic catalogs from the new 
Polar Catalog run in right ascension as shown in table 1 . The 
stars used, 20 to 30 for each difference, in declinations 80°-86°, are 
mostly brighter than magnitude 8.0. Narrower zones of declination 
—and the photovisual data as well—show similar results. The devia¬ 
tions for the mean of the six catalogs (third line from the bottom of 
table 1) are in harmony with the estimate given. These details 
also bear on a point of importance to be mentioned presently. 


Table l 


Mt. W. Polab Catalog minus Individual Catalogs 
(Pg magnitudes, Dec. 80°-86°, unit = 0.01 MAG.) 


Catalog 

2 h .O 

6».0 

10\0 

14 h .0 

18 h .0 

22 h .O 

Greenwich 

-1.8 

-1.5 

-3.3 


+2.3 

+3.9 

Simeis 

-0.6 

-2.7 

+0.5 


+3.7 

+0.4 

Harvard-Payne 

+2.0 

0.0 

-1.5 


+1.5 

+3.1 

Leiden-de Sitter 

-1.8 

+1.0 

-0.6 

+1.2 

+0.3 

+0.3 

Gottingen 

-3.4 

+1.3 

+7.8 

-0.7 

-4.4 

-2.2 

Yerkes-Parkhurst 

+1.1 

+2.5 

+3.4 

+2.8 

-4.5 

-3.0 

Polar Cat. — Mean Cat. 

-0.6 

0 0 

+1.1 

+0.8 

-1.1 

+0.5 

Polar Cat. — Hass. 

-4.0 

ra 

+0.2 

+1.0 

+3.5 

+0.9 

Hass. — Mean Cat. 

+3.4 

Bn 

+0.9 

-0.2 

-4.6 

-0.4 


The results just described represent only an extension to other 
stars of the scales and color system defined by the 1922 standards.® 
They do not provide any improvement of the system itself, al¬ 
though they have led to some decrease in the accidental errors affect¬ 
ing individual standards. The reduction-curves used for the exten¬ 
sion gave many additional values for the magnitudes of these stars; 
and color indices found from exposure ratios could be used with the 
data on magnitudes for an adjustment satisfying the condition 
Pg-Pv = C* 

* Magnitudes for other supplementary stars, based on the NPS standards, have been 
determined by Dyson, Sir F. f Photographic Magnitudes in Kapteyn’s Selected Areas. 
Greenwich. 1931. Includes Pg results for 395 stars within 1° of the pole; magnitudes 
9-15. The color system needs revision. Armeanca, J., Gottingen VerOff. No. 35; Zeit. 
Ap. 7: 78, 1933. Pg and Pv magnitudes for 260 stars, 12.5-16.2 photographic. Boss, F. 
E*» ApJ 84; 241,1936. Pg and Pv magnitudes for 500 stars within 2° of the pole, 9-13.7 
photographic. WaUenquist, A., Oaten Bergstrand Festskrift. p. 39. 1938. Pg and Pv 
magnitudes of 16 supplementary stars within 30' of star 5s, 10.6-13.5 photographic. 

4 The revised magnitudes and colors thus derived for 30 NPS stars are given in Mt. "W. 
Contr. No. 587, table 1; ApJ 87: 257. 1938. 
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As for tests of the scales themselves, a good deal of evidence has 
been accumulated since the adoption of the Rome Report. 1 In par¬ 
ticular, a general confirmation of the photovisual scale within the 
interval 2.1-12.1 was supplied by Hassenstein’s reduction of the visual 
measurements made with a Zollner photometer by Muller, Kron, and 
Kohlschiitter. 8 Aside from a deviation of 0.07 mag. for a single 
group of stars, the scale differences throughout the 10-magnitude 
interval did not exceed 0.05 mag. It is likely, however, that part 
of these differences arose from small systematic errors in the Potsdam 
measures, for use of the Greenwich effective wave lengths in prepar¬ 
ing the Polar Catalog just described showed again the high consistency 
of the photographic and the photovisual scales. 

A more rigorous test is supplied by the photoelectric measures of 
Stebbins and Whitford. 6 The essential results are shown in the fourth 
and fifth columns of table 2, in the form of corrections to the revised 


Table 2 


Scale Comparisons fob NPS Stabs 





Stebbins Red. 

Hass. Orig. 

Hass. Adj. 

NPS Stare 

Pg r 

PVr 

minus 

minus 

minus 




PQr 

PVr 

Pg r 

Steb. Red. 

Pg r 

Steb. Red. 

1 

4.39 

4 39 

-0.13 

-0.15 

-0.04 

+0.09 

-0.01 

mm 

2 

5.22 

5 30 

- .13 

- .13 

.00 

+ .13 

+ .03 

■Efl 

3 

5.76 

5.58 

- .08 

- .03 

+ .03 

+ .11 

- .01 

Emm 

4 

5.95 

5.82 

- ,08 

- .11 

.00 

+ .08 

+ .03 

■X9 

5 

6.46 

6 46 

- .05 

- .07 

+ .05 

+ .10 

+ .01 

+ .06 

2s 

6.50 

6 30 

.00 

+ .01 

+ .04 

+ .04 


.00 

3s 

6.64 

6 33 

+ .01 

+ .04 

+ .07 

+ .06 

+ .03 

+ .02 

lr 

6.67 

5.08 

- .01 

- .01 

+0.02 

+0.03 

-0.02 

-0.01 

6, 7, 2r, 8 

7.68 

7 28 

00° 

+ .01° 





9. 3r, 10, 4r 

DU 

8.43 

+ .01* 

- .02° 





11, 12, 5r, 4s 

10.08 

9 45 

+ .01* 

+ .02° 





13, 6r, 14, 7r 

10.75 

10 00 

- .02* 

.00° 





5s, 15, 6s, 8r, 16 

11.35 

10.66 

-0.00« 

-0.02° 





System. Diff.* 

mm 


-0.001 

-0 00i 

+0 02i 


+0.00° 


Average Diff * 

19 

■ ■ 

±0.01* 

±0.03° 

±0.031 


±0.01« 



* Values In the fourth and fifth columns do not Include stars 1-6. 


values (Pg r and Pv r ) of the NPS standards. 4 Differences are given 
individually for the first eight stars of the Sequence and thereafter 
for groups of four or five, as indicated by the first column of the 

* Potsdam Pub. 26 (2) (No. 85): 1927. For details of the comparison see Mt. W. Contr. 
No. 431; ApJ 74: 131. 1931, especially tables 3 and 6. 

■ Mt. W. Contr. No. 688; ApJ 87 : 237, 1938. The comparison by P. H. Scares appears 
In Mt. W. Contr. No. 687; ApJ 87; 267, 1938. 
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table. For the comparison the photoelectric magnitudes (Pe) had 
first to be reduced to the color systems of the Pg T and Pv r standards. 
The formulae used were 

Pg 9 — Pe- 0.12 + 0.20 C r , (1) 

Pv t = Pe — 0.12 — 0.80Cd, (2) 

in which C t is the color index on the International System derived 
from the photoelectric color Co of Stebbins and Whitford. 7 

For the 5-magnitude interval from star 2s downward the systematic 
relations are entirely satisfactory; there is no trace of scale divergence 
and the average differences in the magnitudes are only ± 0.017 and 
d= 0.030 mag., respectively. The larger difference for the photo¬ 
visual series indicates, not increased observational errors, but a dis¬ 
persion in the values of C v relative to those of C r unaccounted for by 
such errors. 

For the first five stars, however, the differences are wholly inad¬ 
missible. The internal agreement of the data seems to exclude the 
possibility of any serious error in the NPS standards; nor can we 
suppose that the very precise measures by Stebbins and Whitford 
are affected by errors as large as these differences. The proper in¬ 
ference seems to be that the two series of magnitudes are measure¬ 
ments of different things and that the reduction of the photoelectric 
magnitudes to the NPS color system is for some reason incomplete. 
For example, the five discordant stars are early A’s and therefore 
presumably affected by strong hydrogen absorption in the ultraviolet. 
Photographic magnitudes measured with a reflecting telescope (the 
basis for the standards) include this region and must be influenced 
by the absorption. The photoelectric results by Stebbins and Whit¬ 
ford, on the other hand, are unaffected; and unless allowance is made 
for this circumstance, the results for A-type stars should differ in 
the direction actually observed, the discordance being carried over 
into the photovisual comparison through the use of formula (2). 
There is some positive evidence in support of this hypothesis, but 
a few observations made by Stebbins and Whitford with a photocell 
which reaches into the critical region agree with their earlier results. 

The still more recent photoelectric magnitudes by Hassenstein 8 
supply evidence on the scale but do not at once settle the question 

T H the value C r « Pg r — Pv r is used in formula (2), the differences Pfp — Ptv become 
numerically equal to the values of Pq p - Pg T found with (l) and the test of the Pv scale 
falls. Independently determined colors, for example C Pf must therefore be used in (2). 

1 Astr Nadir 269:185. 1939. The list includes 102 stars north of +75° de clina tion, 
brighter than photographic magnitude 6.7. 
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as to the influence of spectral peculiarities: the wave-length interval 
covered by the observations is not stated. Hassenstein found the 
color system of his magnitudes to be identical with that of the Mt. 
Wilson Provisional Catalog (and hence with that of the Polar 
Catalog 2 ); but he also found less agreeable features, namely, a scale 
divergence of 2 per cent, a surprisingly large accidental difference of 
d= 0.034 mag. per star, and a zero-point deviation depending on 
right ascension. 

Examination of the individual differences (from here on, relative 
to the Polar Catalog) shows that a line across the polar cap near 
the pole, roughly along HA 9 h to 22 h , divides the 40 stars common 
to the two lists into groups of 24 and 16 stars, respectively. In the 
first group there are but two positive differences, in the second only 
a single negative difference. For the 36 stars in declinations 80°-86° 
the mean differences for 4 h intervals of right ascension are given 
in the last line but one of table 1. 

The question now is whether these irregularities originate in the 
Polar Catalog or in the magnitudes of Hassenstein. Subtraction of 
the differences from those in the upper part of the table eliminates 
the Polar Catalog and gives differences of the form Hassenstein minus 
individual catalog. If the irregularities are in the Polar Catalog, 
the zero-point agreement should thereby be improved. Actually the 
root mean-square deviation is increased (from 0.029 to 0.034 mag.), 
whence it is inferred that most of the trouble lies in the photo¬ 
electric magnitudes. Again, comparison of the last line of table 1 
with the second line above shows directly that the Polar Catalog 
agrees better with the mean of the individual catalogs than does 
Hassenstein (root mean-square deviations, 0.009 and 0.025 mag., re¬ 
spectively) ; and since the six catalogs involved are independent, 
probability assigns the error to Hassenstein. 

In attempting to remove this irregularity, probably all that is justi¬ 
fied is the application of mean zero-point corrections (—0.04 and +0.03 
mag., respectively) to the two groups of stars showing systematic 
deviations. With no other change in Hassenstein^ magnitudes, their 
relation to the Polar Catalog becomes that shown in table 3. The 
2 per cent scale divergence has disappeared and the accidental dif¬ 
ferences have been reduced to the more reasonable value of 0.019 
mag. The relative color equation, as Hassenstein found, is inap¬ 
preciable. The data of table 3 thus confirm the photographic scale 
of the bright stars in the Polar Catalog in a region where the transfer 
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Table 3 


Mt. Wilson Polab Catalog (Pg) minus Hassenstein Photoelectbic 


Hassenstein 

Pe 

SD 

AD 

No. 

Stars 

C 

SD 

AD 

No. 

Stars 

4 35 

+0 01 


1 

-0 13 


=b0 016 

8 

5 31 

000 

±0 015 

4 



021 

11 

5 75 

+ 002 

022 

8 

0 26 


019 

7 

6 14 

+ 009 

024 

9 

0 74 

- 012 

028 

6 

6 39 

- 002 

024 

10 

1 30 

+0 011 

d=0 014 

8 

6 61 

0 000 

±0 008 

8 


WBSm 



All 

+0 002 

±0 019 

40 

IpHl 



40 


from the NPS standards involved much difficulty and thereby supply 
an important test. 

The results from Hassenstein’s measures of NPS stars are shown 
separately in the last four columns of table 2. Deviations from 
the Pg r standards and from the reduced values of Stebbins and 
Whitford are given for Hassenstein’s original magnitudes and for the 
values adjusted for zero point. The “original” differences show 
clearly the influence of zero-point error, which has been removed 
by the corrections applied. Those relative to Pg r> especially the ad¬ 
justed values, are free from the discordance for stars 1-5 shown in 
the fourth column of the table. With allowance for algebraic sign 
this discordance appears to its full amount, however, in the com¬ 
parison with Stebbins and Whitford given in the last column and 
is also clearly present in the uneorrected differences in the third col¬ 
umn from the end. 

On the showing of the present evidence there seems to be little 
doubt that the NPS standards represent a consistent and homogeneous 
series of magnitudes whose systematic and mean accidental errors, to 
the twelfth magnitude at least, do not exceed 0.01 or 0.02 mag. 
The tests afforded by the photoelectric measurements are the more 
valuable because the comparison is with results obtained by a method 
entirely independent of photography. 

Below the twelfth magnitude we have an additional test based on 
an independent determination of the photographic scale. In prepar¬ 
ing the Mt. Wilson Catalog of Selected Areas 9 the scale was estab¬ 
lished independently in each of 139 fields, 37 of which were con¬ 
nected directly with the NPS standards by polar comparisons made 

• Carnegie Inst Pnbl. No 402. 1930 
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primarily to determine the zero points. Each of these plates could, 
however, be used for a comparison of the NPS scale with that of 
the Area. Means of about 1600 differences in the 37 Areas, distributed 
over the magnitude interval 11.5-16.5, reveal no relative scale error 
exceeding 0.01 mag. 10 Similar means for groups of 9 or 10 Areas, 
although not so small, are still generally satisfactory. 

Below magnitude 16.5 there is no independent test of the NPS 
scales other than that of mutual consistency shown by the color 
indices derived from exposure ratios. This interagreement, as al¬ 
ready stated, extends to about the eighteenth magnitude. 

In the Selected Areas, however, there is reason for confidence in 
the photographic scale to 17.5 or 18.0, at least in the mean scale for 
two or more Areas. The polar comparisons just described extend 
down to 16.0-16.5, the middle of the interval covered by the scale 
determinations in the Areas—a point where the accuracy is greatest. 
Since the agreement with the NPS scale for the upper half of this 
interval is satisfactory, the scales in the Areas should be normal for 
at least another magnitude downward. With rare exceptions, the 
safe limit for the Areas should therefore be at least 17.5. 

Whenever magnitudes in the Selected Areas are to be used as 
standards for exacting work, two points should be noted, however, 
first, for greater security of zero point, choose as comparison fields 
Areas which have been connected directly with the NPS; second, to 
minimize the influence of accidental and residual systematic errors, 
use at least two Areas as reference fields. 

Finally, there remains the matter of very faint standards, now 
important for many investigations, especially those on extragalaetie 
nebulae. The results at present, in a few isolated fields, are frag¬ 
mentary. To relieve a pressing need, Dr. Baade has in hand at 
Mount Wilson a program which will extend the photographic scales 
and supply photovisual scales in every third Selected Area of the 
zone at -f 15° declination. The magnitude limits will be 21 and 20, 
respectively. 

i# Carnegie Inst. Publ No. 402. XLVI. 




THE STELLAR DISTRIBUTION IN HIGH AND 
INTERMEDIATE LATITUDES 


By Bart J. Bok and Donald A. MacRae* 

From the Harvard Observatory , Cambridge , Massachusetts 

THE GALACTIC POLAR CAPS 

In 1932 Oort 1 published an important paper on the stellar distri¬ 
bution and the distribution of linear velocities perpendicular to the 
galactic plane. It was the main purpose of Oort’s study to extend 
the research begun by Kapteyn 2 in which a first attempt was made 
to correlate the density and velocity distribution perpendicular to 
the plane. For our purpose the most significant results in Oort’s 
paper are his data on the density distribution for various spectral 
types. 

During the nine years that have elapsed since the publication of 
Oort’s paper several important additions have been made to the basic 
observations that bear upon our problem. Before proceeding with the 
analysis we shall investigate briefly what observations are now at our 
disposal. 

The Data of Observation 
STARCOUNTS 

The counts to various limits of apparent magnitude published by 
van Ehijn 8 represent the most homogeneous data for the galactic 
polar caps. Because of a lack of reliable faint magnitudes the 
counts for the selected areas south of 8 = — 15° are less trustworthy 
than those for the northern areas. Since the declinations of the 
north and south galactic poles are respectively + 28° and — 28° we 
have used van Rhijn’s counts only for the north galactic polar cap. 

To supplement van Rhijn’s material we have made use of the 
counts at the north galactic pole published by Malmquist 4 and 
checked these values against the averages derived by Oort. 1 We note 
that van Rhijn’s values of log A (m) t are somewhat small for m = 9.5 

♦Holder of a Royal Society of Canada Fellowship, 1940-1941. 

1 BAN No 238. 1932. 

* ApJ 55: 302. 1922; Mt. Wilson Contr. No. 230. 

* Groningen Publ No. 43. 1929. 

* Stockholm Ann 12. No 7. 1936. 

t A (wi) being the nnmber of stars per square degree between photographic m a gni tudes 
m — and m + 

( 219 ) 
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to m = 12.0. This is in line with a result of Lindsay and Bok, 5 who 
showed that there are definite indications of a systematic error of 
0 m .3 in the magnitude system of van Rhijn’s tables. 

The curve in figtjbe 1 gives the adopted values of log A(m) for the 
north galactic pole. These values are tabulated in table 1. 


Table 1 


m 

log A w (m) 

m 

log Ato(m) 

6.0 

8.65 

13.0 

1 25 

7.0 

9.10 

14.0 

1 52 

8.0 

9.52 

15.0 

1.80 

9.0 

9.95 

16.0 

2.08 

10.0 

0.30 

17.0 

2.31 

11.0 

0.62 

18 0 

2 57 

12.0 

0.95 




MEAN PARALLAXES 

The basic data for the mean parallaxes at the north galactic pole 
have been taken from investigations by van Rhijn and Bok,® van 
Bhijn and Schwassmann, 7 van de Kamp and Vyssotsky, 8 and Oort.® 
The individual values of the mean parallaxes, in seconds of arc and 
all reduced to the galactic pole and to photographic magnitudes, have 
been listed in table 2. The adopted values are in the last column. 


Table 2 


m*> 

Oort 

GP 45 

van de Kamp 
and 

Vyssotsky 

van Rhijn 
and 

Schwassmann 

Adopted 

n 

".0098 

".0090 



".0090 

mam 

.0073 

.0066 

".0053 

".0056 

.0063 

mSsm 

.0054 

.0050 



.0048 

mam 

.0040 

.0037 

.0033 

.0035 

.0036 

mBm 

.0030 

.0028 



.0028 

iSJtx 

.0022 




.0022 

— 







« H.A. 106. No. 14. 1987. 

• Groningen Publ. No. 45. 1931. 

7 Zeit. Ap. 10:161. 1935. 

8 AJ 46: 9. 1937. 

* BAN No. 290. 1936. 



























BOK AND MACRAE: STELLAR DISTRIBUTION 


221 



SPECTRAL DATA 

Malmquist 10 has published some preliminary data on the distribu¬ 
tion of spectral types at the north galactic pole. His results have 
been compared with some unpublished material for the same part of 
the sky which was kindly furnished by Miss Cannon and Mrs. Mayall. 
The agreement was quite satisfactory. The block diagrams in figole 
2 represent the accepted distributions of the spectral types for various 
magnitudes at the north galactic pole. 

THE GENERAL LUMINOSITY FUNCTION IN THE GALACTIC PLANE 

Van Rhijn 11 has published the most complete version of the general 
luminosity function, which represents in the galactic plane the num¬ 
ber of stars per unit volume for successive intervals of absolute mag¬ 
nitude between M = — 6.0 and M = + 14.0. For the stars fainter 
than M = +14.0 Luyten 12 has more recently given the luminosity 
function in which the results from his search for large proper motions 
have been used. Both sets of data are reproduced graphically in 

“ Trans. I.A.U. 6: 460. 1938. 

11 Groningen Publ. No. 47. 1936. 

19 Minnesota Publ. 2. No. 7. 1939. 
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Figubb 2. 


figtjbe 3, where the curve represents the adopted values; see also 
table 3. We have adopted van Rhijn’s values lor the stars of 
M = -j- 6.0 and brighter and Luyten’s for the fainter stars. We note 
that the differences between Luyten and van Rhijn are in the direc¬ 
tion that van Rhijn has apparently underestimated the number of 
absolutely faint stars between M = -j- 6.0 and M = +12.0 



LOG $(M) +10 
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M 

Figure 3. 

Table 3 


Tabulated Quantities are log <p(M) +10 


M 

Adopted 

van Rhijn 

Luyten 

-2 

4.75 ; 

4.75 


-1 

5.07 

5.07 


0 

5.68 

5.68 


+1 

6.34 

6.34 


+2 

6.77 

6.77 


+3 

6.86 

6 86 


+4 

7.19 

7.19 

7.24 

+5 

7.35 

7 35 

7.40 

+6 

7.50 

7.49 

7.52 

+7 

7.62 

7.53 

7.62 

+8 

7.72 

7.46 

7.72 

+9 

7 80 

7.49 

7.80 

+10 

7 88 

7.64 

7.88 

+11 

7.93 

7.81 

7.93 

+12 

7.98 

7.97 

7.98 

+13 

8 02 

8.01 

8.02 

+14 

8.06 

8.06 

8.06 
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VARIATIONS IN THE LUMINOSITY FUNCTION WITH HEIGHT 
ABOVE THE GALACTIC PLANE 

In the present section we shall investigate the rate of decrease 
in the star density in a direction perpendicular to the galactic plane 
for different values of the absolute magnitude. The spectral data of 
van Ehijn and Schwassmann, 7 Malmquist, 10 van de Kamp and 
Vyssotsky, 8 Lindblad, 18 and Petersson 14 make possible the compu¬ 
tation of density gradients perpendicular to the galactic plane. Van 
Ehijn and Schwassmann have not only computed the density 
gradients from their own material, but they have also published 
gradients predicted on the basis of Oort’s dynamical study. We 
should finally mention an investigation by Greenstein 15 in which 
approximate mean gradients have been derived from general star- 
counts. 

The gradients derived from these various sources are shown graph¬ 
ically in figure 4. The values plotted in this figure represent the 
logari thms of the numbers of stars per cubic parsec in the interval 
M — Y 2 to M + Y 2 & t the height z, when the corresponding logarithm 
at z = 0 is taken equal to 0.00. For comparison we have also entered 
the gradients derived later on in this paper from our adopted star- 
counts and mean parallaxes. 

For the absolutely bright stars (M — — 2, 0 and + 2) the gradients 
from starcounts are generally steeper than those derived by van 
Ehijn and Schwassmann. For these same absolute magnitudes the 
starcount gradients agree well with those derived here from Malm- 
quist’s spectral data (see page 232). For the fainter absolute 
magnitudes the agreement is generally satisfactory. The most dis¬ 
turbing divergence is that for M = + 8, where the spectral data 
indicate a steep gradient within 100 parsecs above the plane. The 
resolution of general starcounts is too small to check a gradient for 
such faint stars near the sun, but table 9 indicates that the observed 
star numbers cannot be accounted for unless we assume that this 
rate of decrease does not persist very far beyond 100 parsecs. It 
will be necessary to determine the distribution of color indices in 
the galactic polar cap between m = 14 and m = 19, in order to ob¬ 
tain the gradient of star density for M = -f 8 with certainty. 


« TJpsala Medd. No 14. 1926. 
*« TJpsala Medd. No. 29. 1927. 
11 ApJ 87: 677. 1938. 
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The Variations in the Stellar Distribution Over the Galactic Polar Cap 

Before we proceed with the analysis of our data on the distribu¬ 
tion of the stars at the galactic pole we should first investigate the 
possibility of there being any indications of pronounced irregulari¬ 
ties over the galactic polar caps. Since we are primarily interested 
in large scale variations it will be sufficient to investigate how closely 
the observed average starcounts and mean parallaxes at latitudes 
near 40° agree with those predicted on the assumption that over the 
polar cap the surfaces of equal star density are parallel to the galactic 
plane. 

The comparison would be straightforward if it were not for the 
possible effects of variations in the galactic absorption over the polar 
caps. The “half thickness” of the galactic absorbing layer is gen¬ 
erally estimated to amount to 0 m .25. It is, however, quite uncertain 
whether the galactic poles themselves are affected by these small ab¬ 
sorption effects and we have therefore felt justified in omitting them 
from consideration for b = — 40° to b = — 90°. w We may point 
out that the difference in total galactic absorption at b = ± 90° and 
at b = ± 45° is of the order of 0 m .10. 


11 Compare Stebblns, Hoffer, & Whitford, Publ. A. A. S. 10: 28. 1940. 
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There are, as we have already seen, definite indications of the 
variation of the luminosity function with height above the galactic 
plane. Our assumption of distribution in plane-parallel layers im¬ 
plies therefore that this plane-parallelism holds at various heights for 
each interval of absolute magnitude. 

We define <p (M, z) dM as the number of stars per cubic parsec with 
absolute photographic magnitudes between M and M + dM at a 
height 2 above the galactic plane. The formulae which represent the 
starcounts and mean parallaxes at the galactic pole are then: 

X CO 

dz-z 2 -<f(M,z) (1) 

0) /•« 

X 9 o(m) = —— — / dz • z • y (M, z) (2) 

Ago(m) Jo 

where M = m + 5 — 5 log z. 

The corresponding formulae for latitude b, derived on the assump¬ 
tion of plane-parallelism and no absorption, are: 

0) /*°° 

A b (m b ) = ■ ..— / dz • z 2 • <p (M, z) 

sin 3 o Jo 

(o r°° 

n(,mt) = ■ . ; - - — / dz- z- ?(Af, z) 

sm 2 b At (m 6 ) Jo 

where M = m t 5 — 5 log z + 5 log sin b. 

If we define 

to# o — TO# -j- 5 log sin b 

we can re-write these formulae in the more convenient form: 



= ttt (m^o) 

(6) 


sin® b 

• 

5t&(to 6 ) 

= sin b ir#o(W'9o) 

(7) 


Formulae (6) and (7) render it possible to cheek directly from the 
starcounts and mean parallaxes the approximate plane-parallelism 
of the surfaces of equal star density over the part of our galaxy in¬ 
cluded in the galactic polar cap. 

Using tiie adopted values of ^ 8 o(m) table 1, we have computed 
with the aid of (6) the predicted values for 6 = 50® and 6 = 40°. 
The comparison between these quantities and the observed averages 
according to van Rhijn 17 is shown in table 4. For the mean parallaxes 


(B) 

(4) 

(5) 


it Groningen Publ. No. 43 . 1029 . Table 6 . 






228 


ANNALS NEW YORK ACADEMY OF SCIENCES 


we have adopted Oort’s 18 values for b = 74° and predicted from 
these the mean parallaxes for b = 51°. The comparison between 
the observed and predicted mean parallaxes is shown in table 5. 


Table 4 


mb 

log Aw 
predicted 

(«m) 

observed 

log A 40 (th*,) 

predicted observed 

6.0 

8.75 

8.72 

8.81 

8.76 

7.0 

9.18 

9.15 

9.25 

9.20 

8.0 

9.61 

9.58 

9.68 

9.64 

9.0 

0.05 

9.99 

0.11 

0 05 

10.0 

0.46 

0.38 

0.54 

0.46 

11.0 

0.80 

0.76 

0.89 

0.85 

12.0 

1.10 

1.08 

1.21 

1.22 

13.0 

1.43 

1.42 

1.54 

1.54 

14.0 

1.73 

1.73 

1.84 

1.88 

15.0 

2.00 

2.03 

2.13 

2.18 

16.0 

2.27 

2.30 

2.39 

2.46 

17.0 

2.51 

2.52 

2.64 

2.69 

18.0 

2.75 

2.76 

2.89 

2.90 


Table 5 


Wax 

predicted 

TTfil (msl) 

observed 

12.0 

".0041 


".0043 

13.0 

.0027 


.0028 

14.0 

.0020 


.0022 

14.8 

.0017 


.0014 


We conclude from the close agreement in these two tables that a 
careful analysis of the distribution data at the galactic pole will 
yield information about the function <p(M, z) which should be fully 
applicable to the entire polar cap between galactic latitudes 40° 
and 90°. 

The Representation of Starcounts and Mean Parallaxes 

Prom the general luminosity function in the galactic plane, as 
given in table 3, and the density gradients for various absolute 
magnitudes, as derived by van Rhijn and Schwassmann, 7 we can 
readily predict values of log A[m) at the galactic pole. Table 6 


»BAN 290. 1936. Table 10. 
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shows that the agreement between observed and predicted values is 
not satisfactory. 

We have decided to retain the luminosity function in the plane 
as given in table 3, but to adjust the density gradients so as to 
fit both the starcounts and the mean parallaxes. These density gradi¬ 
ents have been drawn in figtjbe 4. 

The comparison between the observed and computed values of the 
starcounts and of the mean parallaxes is shown from tables 7 and 8 


Table 7 


m 

computed 

A»(m) 

observed 

6.0 

.045 

.045 

7.0 

.130 

.130 

8.0 

.36 

.33 

9.0 

.91 

.89 

10 0 

2.08 

2.00 

11.0 

4.3 

4.2 

12.0 

9.4 

9.0 

13.0 

19.3 

18. 

14.0 

34 

33 

15.0 

64 

63 

16.0 

117 

119 

17.0 

217 

206 

18.0 

375 

375 
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Tabu: 8 


m 

computed 

irwCm) 

observed 

9.0 

".0080 


".0090 

10.0 

.0063 


.0063 

11.0 

.0049 


.0048 

12.0 

.0042 


.0036 

13.0 

.0034 


.0028 

14.0 

.0030 


.0022 


to be quite satisfactory. The (m, log ir) table in table 9 gives the 
distribution in absolute magnitude (or distance) for the stars of 
each successive apparent magnitude. It is consistent with the ac¬ 
cepted luminosity function in the galactic plane and the observed 
starcounts and mean parallaxes at the galactic pole. 

The Frequency of Spectral Types 

The basic data on the distribution of spectral types at the north 
galactic pole are given in figure 2. In the analysis of this material 
we have used the values of the mean absolute photographic magni¬ 
tudes listed in table 10. The dispersion about the mean was taken 
to be ± l m .O for all spectral types. The means, as taken from 
table 6 of “The Distribution of the Stars in Space”, (these means 
are based on the data of van Rhijn and Schwassmann 7 ) were cor¬ 
rected for the effect of volume by Malmquist’s formula. 19 

A separate table was then prepared for each apparent magnitude 
m = 9, 10, 11, 12 and 13, in which the distribution in absolute mag¬ 
nitude of the observed stars of each spectral class was tabulated. 
By the addition of the numbers for the separate spectral types the 
distributions in absolute magnitude—and hence in distance—for the 
stars of m= 9, 10, 11, 12 and 13 were then derived. These dis¬ 
tribution data were checked with the aid of color indices determined 
by Malmquist 4 for m = 12 and 13. The agreement between the 
two sets of data was found to be quite satisfactory. Malmquist’s 
colors beyond m = 13 are incomplete and were therefore not used in 
our analysis. 

For comparison with table 9 we reproduce in ta-klw 11 the part 
of the (m, log w) table derived now entirely from the spectral data. 
The spread in distance from the spectral data is noticeably larger, but 


» Land Medd. Series II. No. 22. 1920. 
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Table 10 


Spectrum 

mean absolute 
photographic magnitude 

after correction 
for volume 

A 

+2“.0 

+2 m .O 

F0 

2 .5 

2 .5 

F2 

3 .0 

2 .5 

F5 

4 .0 

3 .0 

F8 

5 .0 

4 .0 

dG 

6 .0 

5 .0 

go 

2 .0 

2 .0 

dK 

9 .0 

8 .0 

gK 

2 .0 

2 .0 


Table 11 



From Table 9 

MaLmquist’s Data 


9 

10 

11 

12 

13 

9 

10 

11 

12 

13 

10 







.01 

0.0 



16 

0 

0 




0 

.04 

0.0 

0.0 


25 

.01 

.01 

.0 

.0 

.0 

.01 

.05 

0.0 

0.1 

0.0 

40 

.03 

.04 

.0 

.1 

.1 

.04 

.06 

0.1 

0.2 

0.1 

63 

.09 

.12 

.2 

.2 

.2 

.09 

.13 

0.1 

0.5 

0.6 

100 

.21 

.32 

.4 

.6 

.8 

.14 

.26 

0.4 

0.5 

1.1 

158 

.22 

.59 

.9 

1.4 

2.0 

.20 

.35 

0.7 

1.1 

1.3 

251 

.22 

.41 

1.3 

2.4 

4.3 

.20 

.44 

0.8 

1.9 

2.8 

400 1 

.10 

.38 

.7 

2.6 

5.0 

.11 

.44 

0.9 

1.9 

4.7 

630 

.03 

.18 

.6 

1.2 

4.9 

.02 

.23 

0.8 

1.6 

4.0 

1000 

0 

.03 

.2 

.8 

1.6 

.00 

.05 

0.4 

1.2 

2.3 

1580 


0 

.0 

.1 

.4 


.00 

0.1 

0.6 

1.4 

2500 




.0 

.0 



0.0 

0.1 

0.5 

A Qo 

.91 

2.08 

4.3 

9.4 

19.3 

.81 

2.06 

4.3 

9.7 

18.8 


the agreement is on the whole quite satisfactory. In table 12 we 
present a comparison between the mean parallaxes as computed from 
table 11 and the observed values. The differences are larger than 
for table 9, but the absence of a systematic trend is satisfactory. 
In the present state of our knowledge about stellar distribution in 
the polar caps it is difficult to choose between the left and right hand 
parts of table 11. 
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Table 12 


m 

TT9<j(Wl) 

From Table 11 

Observed 

9.0 

".0083 

".0090 

10.0 

.0082 

.0063 

11.0 

.0040 

.0048 

12.0 

.0048 

.0036 

13.0 

.0034 

.0028 


The Adopted (m, log w) Table 

We have now derived two (to, log v) tables which represent the 
stellar distribution at the north galactic pole. Tabus 9 takes into 
account all available data on starcounts and mean parallaxes, whereas 
table 11 has been computed from Malmquist’s spectral data. The 
second table does not represent as large an interval in apparent mag¬ 
nitude as the first one, and, though for the interval in common the 
resolving power of the spectral data is larger than that for the general 
starcounts, we should take into account that Malmquist’s published 
results are only preliminary. While certain differences between the 
two tables are present, the agreement is on the whole satisfactory. 
The differences are not large enough to invalidate the use of either 
table as a basis for the analysis in intermediate latitudes. We have 
decided to use table 9 as our basic (m, log v) table. As far as we 
can tell there are no pronounced systematic differences in the stellar 
distributions for the north and south galactic polar caps. Because 
of the lack of data at the south galactic pole we shall assume that 
table 9 may be used indisc rimin ately for regions north or south of 
the galactic plane. 

It is of interest to examine the entries in table 9 more closely. 
The numbers in each horizontal row represent the distribution in 
absolute magnitude for a particular distance shell. After applying 
a constant correction for volume we obtain directly the luminosity 
function at each height, z. Figtjbe 5 shows the variation with z of the 
general luminosity function according to table 9. 

The lines of equal absolute magnitude run diagonally through the 
(to, log -n) table. The numbers along any diagonal yield, again after 
the application of a correction for volume, the density gradients for 
a particular absolute magnitude. The gradient curves computed 
from table 9 have already been reproduced in figure 4. 
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Figure 5. 

The vertical columns show the distribution in distance for the stars 
of different apparent magnitudes. The frequency distribution in dis¬ 
tance has been represented graphically for some apparent magnitudes 
in figure 6. 

It may finally be of interest to list the mean parallaxes computed 
from table 9 for m = 15 to 18. The results in table 13 show that 
there is some hope that we should be able to check the predicted 
values if accurate absolute proper motions can be derived for 15th 
to 18th magnitude stars. 


Table 13 


771 

7t m ( m), predicted 

15 

".0024 

16 


17 

.0018 

18 

.0017 








2 2 
Figure 6. 


THE ZONE OF INTERMEDIATE LATITUDES 
The Modified Oort-Vashakidse Method 

In 1938 an extensive paper on the stellar distribution in intermediate 
latitudes was published by Oort. 20 For the analysis of starcounts in 
regions for which the total obscuration is known Oort made use of a 
simple geometric method that was developed independently by Oort 21 
and by Vashakidse. 22 It has been shown already in the preceding 
section that in the absence of absorption and for the case that the 
surfaces of equal star density are planes parallel to the galactic plane, 
the relation between the starcounts at the galactic pole and at latitude 
b is given by formulae (5) and (6). If absorption of an amount Ao 


» BAN No. 308. 1038. 

si Ann. Astrophya. 1: 71. 1038. 

ss Bull. Abastumani Obs. No. 1. 87. 1037. 



238 


ANNALS NEW YORK ACADEMY OF SCIENCES 


affects equally the light of all stars of apparent magnitude to 9 , formula 
(6) will still hold, but instead of (5) we should write 

m 9 o = to 9 + 5 log sin 6 — A a. (8) 

Oort’s procedure for the study of deviations from the simple plane- 
parallel distribution was the following: For to 9 o = 10, 12, 14, 16 and 
17 the corresponding values of m 6 were computed with the aid of (8). 
The predicted values of were then found from (6) and the 

quantities A log A{m) were found, which represent the differences 
between the observed values of log A b (m b ) and the expected values 
from (6). These differences were taken to be a measure for the excess 
or deficiency in the star density at a height, z 0 , corresponding to the 
logarithmic average mean distance from the galactic plane for the 
stars of apparent magnitude m 90 at the galactic poles. 

Oort’s results are provisional and admittedly uncertain partly be¬ 
cause it is at present very difficult to decide for the layers close to 
the galactic plane whether or not the estimated absorption Ao affects 
all stars of apparent magnitude to 9 . There are also the uncertainties 
arising from the errors in the estimated total absorption. At this 
point we are, however, more concerned with the method as such than 
with the observations. 

If we grant the observations, a positive A log A(m) does cer¬ 
tainly indicate, somewhere along the line of sight, an excess of star 
density over that computed from the hypothesis of plane-parallelism 
of the surfaces of equal star density. Some simple constructed ex¬ 
amples show, however, that because of the large spread in the 
general luminosity function it is unsafe to assume that the excess 
occurs at the height so corresponding to to 90 . A small percentage 
excess at a distance well beyond z a may result in a positive value 
for A log A (to) even though the star density at z 0 for that particular 
latitude does not deviate from that for plane-parallel layers. The 
interpretation of Oort’s quantities A log A(m) is therefore quite 
difficult. 

It is possible on the other hand to modify the Oort-Vashakidse 
method so as to take account of the large spread in absolute mag¬ 
nitude for the stars under consideration. We shall do so by making 
use of the basic (to, log ir) table in table 9, which represents the dis¬ 
tribution over the various distance-shells of the stars at the galactic 
poles. 

Let <p{M, z) dM be defined as in the first section as the number 
of stars per cubic parsec with absolute magnitudes M to M -j- dM at a 
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height z above the galactic plane, for the direction of the galactic 
poles. Let the corresponding number for a field at longitude I, 
latitude b, be called D(M, z) tp{M, z). We can then 'write for 
the star numbers in the field at (I, b): 

A b (m b ) = <o J" dr • r 2 • D(M, z) <p {M, z) 

wherer= — and M = m b + 5 — 5 log r —Aa(r), Aa(r) being 
sin 6 

again the total absorption at distance r. After a change of variables 
this formula reads: 

Mm,) = -r^— Pdz ■ z* • D (M, z) 9 (if, z) (9) 

sin 3 b J 

with M = m b + 5 — 5 log z -f- 5 log sin b — Ao(s). (10) 

Oort’s procedure is essentially to put D(M, z) = O, a constant. 
Oort’s quantity A log A(m) is then equal to log D. 

Since we do not wish to make the assumption that D(M, z) is 
constant for the range in M and z contributing to a given apparent 
magnitude we reduce the observed starcounts at latitude b with the 
aid of the formula: 

AsoCmso) = sin 8 6 • Aj,(m b ) (11) 

where m# 0 = m b + 5 log sin b. (12) 

Formulae (9) and (10) will then read: 

✓'00 

A 9 o(m 9 o) =«> J dz • z 2 ’ D(M, z) <p(M, z) (13) 

with M = mgo + 5 — 5 log z — Aa (z). (14) 

(13) and (14) suggest the following procedure for the computation 
of D (M, z ): 

1. Compute the quantities Am (mao) with the aid of (11) and (12). 

2. Shift to the right the entries in the horizontal rows of the basic 
(m, log v ) table for the galactic poles (table 9) by amounts corre¬ 
sponding to the magnitude shift A a for the height z = r sin b. 

3. Find by trial and error the quantities D ( M, z) by which the entries 
in the modified (m, log *r) table should be multiplied if we wish to 
represent the reduced values A b o(otm) computed from (11) and (12). 

The procedure just described is quick and rigorous and yields ail 
the information contained in the general starcounts. In practice we 
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shall have to make certain assumptions about D(M, e). If the ob¬ 
served range in apparent magnitude is small we can hardly do more 
than assume that D (M, s) =D ( 2 ), which is independent of the ab¬ 
solute magnitude. If the observed range in apparent magnitudes is 
large we may hope to find evidence for differences between D(M, 2 ) 
at a given 2 for intrinsically bright and intrinsically faint stars. 
In a first attempt it is, however, advisable to assume that D{M, 2 ) 
is independent of the absolute magnitude. 

The quantities D(M, 2 ) have little in common with the star 
densities as they have usually been defined. The conspicuous and 
well-established general thinning-out of the stars perpendicular to 
the galactic plane is taken into account in our basic (m, log ir) table 
for the polar caps (table 9). The quantities D(M, 2 ) measure 
strictly the factor by which the true star densities for a particular 
line of sight differ from those found for the direction of the galactic 
poles. For the ideal case of plane-parallel surfaces of equal star 
densities all D{M, 2 ) ’s should be equal to 1.0.* 

The suggested procedure is well adapted to numerical computa¬ 
tion because one single (m, log «■) table serves for the analysis of 
the reduced counts in all latitudes. As an illustration of the pro¬ 
cedure we shall close with the detailed analysis for Selected Area 43. 

The adopted starcounts for successive values of m b are listed in 
the first two columns of table 14. Since for the latitude of SA 43 

log sin b = — 0.553 
we have from (11) and (12) 


Table 14 



log A b (m b ) 

moo 

log Awimw) 

7.00 

9.41 

4.24 

7.75 

8.00 

0.09 

5.24 

8.43 

9.00 

0.55 

6.24 

8.89 

10.00 

0.98 

7.24 

9.32 

11.00 

1.28 

8 24 

9.62 

12.00 

1.62 

9.24 

9.96 

13.00 

1.97 

10.24 

0.31 

14.00 

2.32 

11.24 

0.66 

15.00 

2.64 

12.24 

0.98 

16.00 

2.89 

13.24 

1.23 

17.00 

3.14 

14.24 

1.48 

18.00 

3.49 

15.24 

1.83 


* The introduction of star densities of this sort has been suggested by Dr. F. D. Miller 
and Miss Blsley. 
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log A 00 (m 90 ) — log Atinit) — 1.66 
OT 90 = m& — 2.76. 

The corresponding values of m 90 and log Aw ( mao ) are listed in the 
third and fourth columns of table 14. By interpolation we can then 
obtain the values of log ^ 9 o(m 90 ) for integral values of m M . 

Our next step is to compute the predicted values of Am (jn 00 ) on 
various assumptions about the magnitude and distribution of the 
absorption. Three possibilities, listed in table 15, were considered. 


Table 15 


z 

absorption 

0 m .0 

absorption 

0“.5 

absorption 

l m .0 

< 40 

0.0 

0.0 

0.0 

63 

.0 

.0 

.1 

100 

.0 

.1 

.3 

158 

.0 

.3 

.5 

>250 

.0 

5 

1 0 


The necessary adjustments were made in our basic (m, log it) table 
(table 9) and the predicted values of A ao (m 90 ) are given in the 
third, fourth and fifth rows of table 16. 


Table 16 



6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

observed .AwCwao) 

m 

.162 

.37 

.73 

1.67 

4.1 

7.7 

15.4 

27.3 

42.5 

predicted, no abs. 


eES) 

.36 

.91 

ESS 

4.3 

9.4 

19.3 

34. 

64 

predicted, abs. 

R 

.103 

.26 

.65 

1.49 

3.0 

6.6 

14.3 

25 

48 

predicted, l m .O abs. 


mm 

.21 

.51 

1.16 

2.3 

4.9 

9.8 

19 

34 


The resulting values for D (z) are listed in table 17. We did not 
find it necessary to include a variation of D (M, z) with the absolute 
magnitude. 

The most probable value for the total absorption is Ao = 0.5 and 
we conclude therefore that for the direction of SA 43 there exists 
a definite excess in star density over that computed on the assumption 
of plane parallel layers. Tor corresponding values of z the star 
density for the direction of SA 43 is in excess of that for the 
direction of the galactic pole by 50% at z — 100 , by 20 % at z = 160 
whereas there is no suggestion of an excess or deficiency for z = 200 
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Table 17 


z 

Ao = 0.0 

Act — 0.5 

AO = 1.0 

> 25 

2.0 

2.0 

2.0 

40 

1.5 

1.8 

1.8 

63 

1.2 

1.5 

1 8 

100 

1.0 

1.5 

1.8 

168 

1.0 

1.2 

1.5 

251 

0.8 

1.0 

1.5 

400 

0.8 

1.0 

1.2 

630 

0.5 

1.0 

1.2 

1000 

0.5? 

1.0? 

1 0? 


to 600. An inspection of the final (to, log *•) table shows that at 
latitude 16°, we cannot obtain from our starcounts to m 6 = 18 informa¬ 
tion on the run of the D(z)’s beyond z — 600 parsecs. 

The Densities for some Selected Regions 
Our method of analysis is here applied to the observations in 
those regions in the zone b — ± 10° to ± 30° for which starcounts 
and data on the interstellar absorption are available. Because of the 
uncertainties in the absorptions, we have limited our investigation to 
centers for which there seems good reason to suppose that the total 
absorption is small, not in excess of A a — l m .0. We shall proceed 
to treat separately each section in galactic longitude for which suf¬ 
ficient data are available. All galactic latitudes and longitudes will 
be referred to the Harvard Pole at a = 12 h 40 m , 8 = + 28°. 

Figures 7 to 14 represent sections of the galaxy cut by planes 
perpendicular to the galactic plane, passing through the sun, and 
directed towards the various longitudes. In the small diagrams at 



Figttbx 7, 
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the right of each figure, the arrow represents the direction towards 
the galactic center, and the sector shows the relative position of 
the longitudes under consideration. 

7 = 30° to 45° 

Miller and Hynek’s 23 starcounts in Cygnus provide data for l = 30° 
to 40° at b = + 10°. Their counts cover the range between m = 8.0 
and m = 18.0. From their discussion of the available color and galaxy 
data, we find that Aa = 1“0. This absorption was assumed to be 
distributed uniformly between 2 = 0 and z = 350 parsecs. 

SA 38 and SA 37 fall in the same longitudes at latitudes 
6 = -f-18° and b = + 28°. Data on the distribution of faint galaxies 
collected at Mount Wilson 24 and at Harvard 23 show that the most 



Figure 8. 


probable values for the absorption are An = 0.4 for SA 37 and 
A a = 0.0 for SA 38. In order to get the full effect of the small 
absorption we have assumed that it takes place within z = 100 
parsecs. 

The resulting values of D {z) are shown in figube 7. We conclude 
that the presence of an excess of 50% over the densities at the pole 
is established for z = 100 to 300 parsecs at r = 700 parsecs. 

1 = 60° to 75° 

Unpublished starcounts by Miss Risley are available for the smooth 
zone at 6 = — 15°. A discussion of the color and galaxy data shows 
that the total absorption is of the order of Aa = l m .O to l m .5 for the 
region under investigation. Miss Risley’s starcounts have been sup- 

33 Contr. Perkins Obs. No. 13. 1939. 

w ApJ 79 : 8. 1934; Mt. Wilson Contr. No. 4S5. 

a- Proc. Nat. Acad. Sci. 26 : 554.1940; H.R. 208. 
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plemented by those for SA 42, at b = —13°, where the absorption 
is about the same. Further south of the galactic belt we find, at 
b = — 28°, SA 67 for which A a = 0.6, whereas to the north we 
find in a relatively unobscured field, for which galaxy data give 
Ao = 0.4, SA 17 at 6 = + 19°. We note from figure 8 that the 
average value of D(s) at a = ±200 parsecs and r = 600 parsecs 
equals 1.3. 

1=15° to 95° 

Published starcounts by Baker, 28 together with the data for SA 43, 
and some unpublished material by MacRae, yield accurate counts 
for a center near l = 80°, b = — 17°. Baker has shown that colors 
and galaxy data give Aa = 0.5 for the most probable value of the 


© 

© 

© 

© © 
© 
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—I- b 
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7 ^- 95 * 
-> 


Figure 9. 


total absorption in this direction. The graphical representation in 
figure 9 shows that the excess is not unlike that for the preceding 
section. 

7 = 88° to 118° 

In addition to some unpublished starcounts by Evans for the zone 
at b — —13°.5, we have south of the plane SA 20 and 21 at b = —17°, 
and SA 46 at b = — 27°, and north of the plane SA 1 at b = + 28°. 
Color and galaxy data show that Aa = 1.0 at b = — 13°.5. We 
have found from galaxy data Aa = 0.6 for SA 20 and 21, Aa = 02 
for SA 46 and A a = 0.8 for SA 1. The latter value agrees with the 
observed color excesses at the north celestial pole. 

Figtjbe 10 shows that for this section there exist probably some 
small excesses, but it is unlikely that the average value of D(z) will 
exceed D(z) = 1.5 for z = 0 to ± 200 parsecs. 


>• HC 424. 1939. 



BOK AND MacBAE: STELLAR DISTRIBUTION 245 

1 = 120* to 130* 

McCuskey 27 has counted the stars in the region of the great dark 
nebula in Taurus. In the course of his investigation he found that 
the section l = 120® to 130° in the latitude zone b = — 25° to 
— 30° was essentially unobscured. North of the gala ctic plane 
Harvard and Mount Wilson counts of galaxies suggest that A a = 0.4 
for SA. 11, which is found at l = 123°, b = + 27°. Figure 11 shows 
the densities for this section. The excess north of the galactic plane 
is small, and the deficiency south of the plane seems well established. 



Floras 10. 


J=135* to 215* 

In this particular section we have depended entirely on starcounts 
for Selected Areas for which the total absorptions can be estimated 
reasonably well from galaxy counts made at Mount Wilson and 
Harvard. The positions of these Selected Areas, the estimated total 
absorptions, and the values of D (z) at z = 100 and z = 250 parsecs 
are listed in table 18. The densities are plotted all together in 
FIGURE 12. 

The computed excesses and deficiencies are without exception small 
and we feel justified in concluding that, at least north of die galactic 
circle, there is for this particular region of galactic longitude no 
indication of pronounced deviations from plane-parallelism in the 
layers of equal star density. 

1 = 190° to 280° 

Starcounts by Lindsay and Bok 5 and some unpublished counts by 
Lindsay provide the basic data on the stellar distribution in this sec- 


27 ApJ 88 : 209. 1938. 
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tion. North of the galactic circle three areas were chosen for which 
the absorption is small according to unpublished Harvard counts of 
galaxies. The positions of the centers, the absorption and the esti¬ 
mated values of D ( z ) at z = 100 and 250 parsecs are listed in table 18. 

One of the most interesting regions in the southern hemisphere is 
that between l = 190° and 250° and b = — 20° to — 30°. The star- 



Figtjre 12. 


counts in this section show little evidence of fluctuations in this 
zone, which is rich in galaxies. Harvard galaxy counts are avail¬ 
able in unpublished form for nineteen different centers in this zone. 
The average value of A a proves to be equal to Aa = — 0.4, which is 
indicative of an excess of galaxies. Even if we consider that Shapley’s 
metagalactic density gradient 28 may reach down to these latitudes, 
we still have every indication that the average absorption in this 
zone is negligible. The analysis of the available starcounts shows 

11 Proc. Nat. Acad. Sd. 24: 282. 1938; H. B. 160. 
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that D (100) = D (250) =0.90. The reality of a slight deficiencj 1, 
appears to be well established. The results are reproduced graph¬ 
ically in figtjbe 13. 

2 = 300° fc=-ll°.5 

Bok and Lindsay 29 have analyzed the stellar distribution for Shap- 
ley’s southern galactic window. If we assume Aa = 0.4, the star- 



Figubs 14. 


counts show that D(100) =0.8 and Z>(250) =1.5. This result is 
shown graphically in figuee 14. 

Comparison with Oort’s Results 

The results of the last section are directly comparable with those 
of Oort. 20 For a given area there is generally fairly close agree¬ 
ment between our values of D (z) and Oort’s corresponding values of 
A log A(m). We find, however, from our analysis that from star- 


• Proc. Nat Acad. Sd. 24 : 4. 1938; H. B. 144. 



Table 18 

ltbd Values op D(z) 


248 


ANNALS NEW YORK ACADEMY OF SCIENCES 


rH 

91 

+28 

0.6 

OOOOOCOCOO 

Si 

hhhOOOh 


rHfr*© 
^ 1 

VO VO O 00 CO CO CO 

< 

OQ 

tH 1-1 rH © © O © 

a 

CO 

1 

iO VO vO vo (N © © 


rH HHHH rH rH 

tH 

CO 

ON • 
OHO 

1 

OOOVQNOO 

£ 

WCONhhthh 


00 


1 


VOVOCQOO©© 

s 

i 2!^ 
8 i 

i—l rH i—l rH rH rH rH 

SA 43 
etc. 

lO 

1 

OOVOVO(NJOO© 

i—( rH iH i—l rH iH i— 1 

SA 17 

0 05 * 
VO h O 

+ 

to VO VO C* © © © 

iH iH tH i— t rH rH rH 

SA 67 

vo 00 ® 
ON O 

1 

©©©©vo©oo 

<N <NI (N <N 1-11-1 © 


iO 

© vo © <N CO © © 

SA 42 
II 

00 tH 
o rH 

N | 

1 o 

oq rH i-l r-5 tH (N 00 

O VO N t-r CO © VO 

HH 

rH 

c<i r-I © © h e* cq 


vo 

VO 

VO tH 

i 7 

© 00 VO CO (N 

Nhhhhh 

g 

vO 1 O 
CO 

cococo©©© 

HH 

1—H 

HHHHHH 

c5 

39 

+28 

0.0 

© © © <N CM 


HHHHHHH 

00 



CO 

d 

42 

+18 

0.4 

^ vo vo vo vo © © 

rH rH H rH rH rH H 

Miller 

o 

VO© * 
C01—»i—< 

+ 

vo >o CO 00 © © 

HHHHHHN 

1 


©ep©00rH ©© 

H*CO©VOVO©cS 
in ih e* co 

I 


II 

** 

















BOK AND MacRAE: STELLAR DISTRIBUTION 


249 


counts to m = 18 or 19 in the zone 6 = 0° to ± 30° D (z) can not be 
reliably determined beyond z = 800 parsecs. This is partly because 
the spread in the general luminosity function is large and partly be¬ 
cause the effective mean absolute magnitude grows rapidly fainter 
as we go to fainter apparent magnitudes. 

Our results show that D(z) averages 1.3 to 1.5 for z = ±: 100 to 
± 300 parsecs in the section l = 30° to 90°. These excesses persist, 
but are generally smaller for I = 90° to 135°, where the first definite 
deficiencies make their appearance. There is little indication for the 
presence of either excesses or deficiencies in the section l = 135° to 
210°, but deficiencies are indicated with certainty for l = 190° to 250° 
and slightly beyond. Unfortunately we have so far only data for 
one region in the section between l = 300° and l = 30°. The analysis 
of the stellar distribution for the direction of the galactic window 
at 1 = 300°, b = —11°.5 shows that D(z) =1.0 for small values 
of z, but that it becomes as high as 2.0 for z ^ 250 parsecs. 

We confirm excesses, somewhat smaller than those of Oort’s, in the 
section l = 30° to 90°, but find a mixture of small excesses and slight 
deficiencies for l = 90° to 250°. It is however significant to note 
that our values of D(z) only rarely exceed 1.5 and that we have 
found no trustworthy D (z) larger than 2.0. 

It is clearly indicated that the need of material for the section 
l = 270° to 30° is urgent. Work that is now in progress at Harvard 
and elsewhere should soon provide us with the necessary data. It 
is further desirable that the analysis from general starcounts be 
supplemented at several centers by studies of spectra and colors. 
It is only through a comparative study of the distribution of spectral 
types in high and intermediate latitudes that we may eventually 
hope to reach a full understanding of the variations in the stellar 
distribution near the sun at some distance from the galactic plane.* 

* Miss Lois Kiefer and R. H. Baker have supplied ns with some unpublished starcounts 
and color data In Auriga. Dr. Baker has also provided similar material for the Milky Way 
in Aquila. The Selected Areas were used to extend these starcounts to the fainter magnitudes 
and additional information on the total absorptions was obtained from the Harvard galaxy 
counts. 

In Auriga the analysis indicates a decrease in the star density to a value about eight- 
tenths of that in the vicinity of the sun. The eleven centers for which the Illinois starcounts 
were available give densities which are in excellent agreement. Average values for three 
latitudes are given in table 18a. In Aquila, on the other hand, there is a clear indication of 
an excess, running from 1.3 nearby to greater than 2.0 at larger distances. This excess is in 
evidence in Dr. Baker's counts on both sides of the galactic plane and is of the same order as 
that found in the gala ctic window. (Footnote continued on page ZS0 .) 
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(m, log *■) TABLES FOR THE ANALYSIS OF FIELDS IN 
LOW GALACTIC LATITUDES 

The analysis of the density distribution in fields with galactic 
latitudes between 0° and ± 10° is beyond the scope of the present 
paper. Our results on the change of luminosity function with height 
above the galactic plane bear directly however on the problems that 
confront us if we attempt an analysis in these regions. For fields 
within ten degrees of the galactic circle the reduction of the counts 
to the pole and subsequent analysis by the method just outlined 
is not practicable. We present therefore in tables 19 to 24 the 
(m, log *•) tables for even latitudes between 0° and ± 10° in which 
the variation of the luminosity function with height above the galactic 
plane has been taken into account. 

The entries in these tables are the logarithms of the products of 
the volume of each element and the appropriate value for <p {M, z ). 
The latter quantities have been derived by multiplying the quantities 
<p(M, o) according to table 3 by the relative densities read off 
from the curves marked “BM” in figures 4a to 4f. For absolute 
magnitudes M < — 2, we have used the same density gradients as 
for M = — 2. Changes in the luminosity function did not affect the 
numbers above the jagged lines. 

Each table is prepared for the analysis of an area of one square 
degree of the sky. The quantities z and r are expressed in parsecs; 
all magnitudes are on the international photographic scale. We have 
entered in the tables the logarithms of the products of <p ( M, z) and 
the volumes in order to facilitate the interpolation for other latitudes. 
One might instead reduce the observed values of log A(m) to the 
nearest even degree of latitude. 


It is important to realize that the densities obtained from the 
usual kind of analysis, with the aid of tables 19 to 24 are expressed 


(Continuation of footnote from page 249 ) 

Table 18a 





Region 


Auriga 



Aquila 



1 

129 

130 

130 

4 

7 

20 

16 

& 

+ 12 

+ 19 

+ 28 

+ 26 

+14 - 15 

- 25 

A a 

1.0 

0 0 

0.0 

0.5 

1.5 

1.5 

0.5 

5-40 

1.1 

0.9 

1.1 

1.0 

1.0 

1.3 

1.2 

63 

1.0 

0.8 

1 1 

1.0 

1.2 

1.5 

1.3 

100 

0.9 

0.7 

1.0 

1.1 

1.5 

1.7 

1.4 

158 

0.9 

0.7 

1.0 

1.2 

1.8 

1.9 

1.4 

251 

0.9 

0.7 

0.9 

1.8 

2.3 

2.0 

1.6 

400 

0.9 

0.7 

0 8 

1.5 

2.8 

2.0 

1.6 

630 

0 9 


0.7 

2 0 

3.5 


2.0 
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in terms of unit density at the same height directly above the sun. 
Instead of the traditionally small densities at some distance from 
the galactic plane we shall now find densities that are directly com¬ 
parable to the quantities D {M, 2 ) and D ( z ) introduced in this paper. 
The densities derived from tables 19 to 24 fit in directly with the 
quantities plotted in figures 7 to 14. 

Tables 19 to 24 will of course not take into account the possible 
changes in the luminosity function directly in the galactic plane. 
Even though we may feel that we know well the characteristics of 
the absorption function for a given low-latitude field we should still 
remember that our analysis may be affected by fluctuations in the 
general luminosity function. The best partial check on this kind 
of error can be made from the analysis of the spectral distribution 
in the area under investigation. From an analysis of the observed 
numbers of stars of known spectral type we can build up an (m, log w) 
table for the brighter apparent magnitudes by the same method as 
was used in the check on table 9 from Malmquist’s spectral dis¬ 
tribution. When spectral classes become available to faint magnitude 
limit s we shall be able to investigate changes in the luminosity func¬ 
tion for various directions along the galactic equator. 
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SUMMARY 

A study is made of the stellar distribution over the north galactic 
polar cap. The basic material consists of general starcounts, mean 
parallaxes, spectral data and the general luminosity function in the 
galactic plane. The resultant (m, log v ) table (table 9) gives that 
distribution in distance for stars of successive apparent magnitudes 
which is most nearly consistent with the observations. As a by¬ 
product of the investigation we have derived the density gradients 
perpendicular to the galactic plane for stars of different absolute 
magnitudes (figure 4). 

We present a modification of the Oort-Vashakidse method, which 
for a field in intermediate latitudes allows the rapid and accurate 
computation of the star densities at various heights above or below 
the galactic plane. The method is applied to the analysis of star- 
counts in a number of regions for which the absorption is well known 
(figures 7 to 14). 

For convenience we reproduce the [m, log it) tables for low galactic 
latitudes, suggested by the present investigation. 



THE ABSORPTION COEFFICIENT AND THE LUMI¬ 
NOSITY CURVE IN THE GALACTIC PLANE 


By Jan Schilt 

From Rutherfurd Observatory, Columbia University, New York City 

In this paper the coefficient of absorption is derived for the case 
that this coefficient is a constant and that the stellar density is 
uniform throughout a thin layer along the galactic plane. Such a 
simple theory, although known not to apply in detail to our galaxy, 
is likely to give a reasonably good average value, if applied to ob¬ 
servations averaged over all galactic longitudes. The results are 
based on the counts of stars of a given apparent magnitude and since 
these include stars at widely different distances, the results are not 
apt to be influenced by irregularities in the density extending over 
distances of the order of ten or even a hundred parsecs. The fact 
that some observers find a local cluster and that others find indica¬ 
tion of a local region of avoidance seems to justify the stated case 
at the present stage of our knowledge. On the basis of a rotational 
symmetry in the stellar system the “uniform” theory could be ex¬ 
pected to correspond to the actual case for directions 90° away from 
the galactic center. 

If we adopt as unit of distance the distance at which a star under¬ 
goes an absorption of one magnitude and if we denote the absolute 
magnitude relative to this distance by M we can compute the relative 
numbers of stars brighter than m whose absolute magnitude is M. 
Putting 5 log r = p, we have 

m — M = p + 10°- 2 p (1) 

and F (m — M) = 10° 6 » has been computed for values of m — M from 
— 15 to +15 (See table 1). By differencing F we obtain 

i (m - M + y 2 ) =F (m — M + l )-F (m-M) 

giving the relative numbers of stars between given intervals of the 
argument m — M. The logarithm of / is given in the third column of 
table 1. We now have for the number of stars of magnitude m per 
square degree 

— J'MpotHm- M)+log» (M) <2M 

fj m = mi dM 

(259) 


( 2 ) 

(3) 
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The sum of the first two terms in the exponent of (3) is tabulated in 
the fourth column of table 1. $ (M) is the number of stars of abso¬ 
lute magnitude M inside a solid angle of one square degree and 
unit radius. The left members of the two integral equations can now 
be computed for any given <E> (M). If_A m is known $ (M) can be 
computed from (2) and subsequently n m from (3). From w m , the 
mean parallax jn units of parsec -1 , the coefficient of absorption is 
found as -r- n m in units of magnitudes per parsec. 

In the application of this method I have first used the starcounts 
by photographic magnitudes given by van Rhijn 1 for zero latitude. 
For the brighter magnitudes these counts are derived from visual 
Harvard magnitudes and Pannekoek’s counts of the Bonn and 
Cordoba Durchmusterung, because at the time photographic magni¬ 
tudes for the brighter stars were lacking. Such magnitudes have now 
become available in the results for the Zone Catalogs, 2 and by means 
of them slight corrections to van Rhijn’s counts for the stars brighter 
than the tenth magnitude have been derived and applied. For the 
actual computations it is desirable to use an interpolation formula 
for log 4. As a suitable one not introducing too many constants 
we take 

log $ = — a (M — b) 2 + c. 

Only if A m is believed to be systematically correct to better than 
10 per cent would it be necessary to introduce higher order terms. 
Adopting a given value for a the constants b and c are determined 
from the observed log A m . Since 

Am—S 10 lo * /tm-M)-a < M - 6)! + c dM 

we have (putting first M — b = M' and subsequently omitting the 
primes) 

A„-t, — IOoJ'IO 10 ’! -aM’dM 

log A m _ 6 — c — logy*10 log/<m-i-M)- ® M, dM 

which determines b and c. In other words, the computed curve 
log A — c for the argument m — 6 is shifted along the axes of abscissae 
and ordinates so as to make it coincide with the observed curve for 
log A m . 

The computations have been carried through for four cases. In 
solutions I, II and III, 2o has the values .025, .035, .062, respectively, 


i Groningen Publ. No. 43. 1929. Table 6. 

* Trans. Astr. Obs. Yale Univ. 4. 1925; 7. 1930; 9. 1932; 10. 1934; 11. 1939; 12. 1940. 



SCHILT: ABSORPTION AND LUMINOSITY 


261 


and in solution IV we have the limiting case that all stars have the 
same absolute magnitude. The results are in table 3. In the upper 
half we see from solution IV that if we take 2a too large, the com¬ 
puted numbers for the faint stars are too small. Solutions I and II 
give a good representation of the starcounts; still smaller values of 2a 
would show a systematic deviation opposite to that of m and IV. 
If the “uniform” theory applies, the mean computed parallaxes in 
solutions I and II should be in a constant ratio to the observed ones. 



Figure 1 . Abscissae: Photographic magnitudes. Ordinates: log A m . The curve repre¬ 
sents the average of solutions I and II. Open circles represent observed counts by Tan 
Rhijn. 


This is beautifully confirmed. The logarithm of this ratio decreases 
slowly in one and increases slowly in the other solutions, so that the 
theoretically correct one lies between the two. The constant — 3.00 
gives the coefficient of absorption as exactly 1 magnitude per 1000 
parsecs. 

Figtjbe 1 shows the observed starcounts and the theoretical curve 
corresponding to our solutions I and II. The various symbols in 
figtjbe 2 show the observed mean parallaxes which are described in 
a number of notes at the end of this paper. 

If instead of van Rhijn’s counts we use Seares’s® the results are as 

> Contr. Mt. Wilson Obs. IS: 3S3. 1925. 





Figure 2. Abscissae: Photographic magnitudes. Ordinates'. Log mean parallax. The curves I to IV correspond to the solutions of 
Table 3. Various symbols denote observed mean parallaxes in table 2. 
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given in table 3a. It is seen in the upper part of this table that 
solution I gives the best representation of the starcounts. The use 
of a smaller modulus would make the computed numbers for stars 
of intermediate magnitudes too small. Solution II is not quite as 
good but it cannot be said to violate the observations. A still larger 
modulus as used in III definitely does not represent the observa¬ 
tions. As to the mean parallaxes, the lower part of table 3a shows 
almost perfect agreement with the observations for solution II. In 
the case of table 3 we found that both the starcounts and the mean 
parallaxes point to a solution for the luminosity function inter¬ 
mediate between I and II. The agreement in the case of table 3a 
is not quite as good but here we have been more exacting by using 
starcounts for a larger range of magnitudes. For practical purposes 
the difference between solutions I and II is small, and this is shown 
in figure 3. Tables 3 and 3a show that equation (2) is primarily 
sensitive to the curvature and equation (3) to the slope of the lumi¬ 
nosity function. If we adopt solution II for the case of Seares’s 
counts the coefficient of absorption v/U is found, since log vr/H = 
— 2.84, to be 1.45 magnitudes per 1000 parsecs. 

The luminosity functions based on van Rhijn’s counts and solu¬ 
tions I and II and the one based on Seares’s counts and solution II 
as given in figure 3, have been reduced to the ordinary argument M 
and the volume of one cubic parsec. The same material is given 
in tabular form for solutions I and II (van Rhijn’s counts) and II 
(Seares’s counts) together with the luminosity function derived by 
van Rhijn 4 in table 4. 

It thus appears that van Rhijn’s and Seares’s starcounts on the 
basis of the present theory lead to very similar luminosity functions 
and to rather different absorption coefficients. For the brightest stars 
the new luminosity function is close to van Rhijn’s. The number of 
stars of absolute magnitudes + 5 and fainter appears to be very 
much larger than according to the classical luminosity functions 
and at magnitude + 8 the results give ten times as many stars. This 
enormous difference is essentially a consequence of the revision of 
the mean parallaxes of the faint stars. Such a revision, however, 
seems imperative on observational grounds and is also backed by 
theoretical considerations, which enable us to compute the shape of 
the function log for the general case of a constant absorption 
coefficient. 


< Groningen Publ. No. 47. 1936. Table 6. 
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The relative importance of the contribution of stars of various 
absolute magnitudes to the number of stars of given apparent magni¬ 
tudes is illustrated in figure 4. On the basis of the Groningen lumi¬ 
nosity function the maximum in the frequency of M for stars of 



Figube 3 


given m varies slowly from about + 2 for m = 12 to about + 4 for 
m = 20; for m = 17 it is around + 3. This would mean that most 
of the 17th magnitude stars in the galactic plane are still of spectral 
types early F. On the basis of the present luminosity function the 
ma x i mum in the frequency of M for stars of the 12th mag nitude is 
also about -f- 2* Passing on to fainter stars, however, the 
moves much faster than according to the Groningen luminosity func- 
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ITiguxub 4. Apparent magnitudes for curves are for absorption coefficient 1.45. In 


general they are for 


ll m ,5 - 5 (log aba + 1) 
7 .5 — 5 Clog abs. + 1) 
3 .5 - 5 (log abs. + 1) 


tion, reaching -f- 7 for m = 20. For m = 17 it is around -f- 5, indi¬ 
cating a spectral type G. Even stars as faint as the 20th magnitude 
show only one star of M = + 12 to every ten of M = + 7 and the 
present luminosity function consequently is not significant beyond, 
say, -j- 11, and in the range from -(-8 to -f-11 the uncertainty is 
large. An increase over the classical luminosity function, however, 
sets in already at + 4, indicating a far greater number of G and K 




266 ANNALS NEW YORK ACADEMY OF SCIENCES 

stars, not to mention the still fainter ones. The most direct way to 
settle this point, I believe, is actually to obtain the spectra for a 
fair number of stars of photographic magnitudes 16 or even 17 
picked at random over the galactic plane. With some of the ex¬ 
ceedingly fast instruments now available this would not seem an 
impossible task. 

A change from the classical luminosity function to the present one 
would necessitate a revision of the stellar mass per cubic parsec. 
Using the present luminosity function extrapolated to stars of mag¬ 
nitude 14.5 and the estimated masses for stars of given absolute 
magnitude in correspondence with Oort’s Table 34® the result is 
0.38 solar masses per cubic parsec, the maximum contribution being 
from stars of absolute magnitude 11. In envisaging such a high 
value we have to take into consideration that the layer for which 
the present results are derived need not be over 200 parsecs thick 
and that the total mass contained in a cylinder perpendicular to the 
galactic plane and with unit cross-section need not be very much 
larger than the value derived by Oort. 5 Since the total luminosity 
per cubic parsec depends largely on the very bright stars, this quantity 
would not materially be altered by the present results. 

NOTES CONCERNING THE OBSERVED MEAN PARALLAXES 

1. The proper motions of the PGC are used. The original values 
obtained in Groningen Publication 29 have been revised by the ap¬ 
plication of the correction of Boss and Jenkins amounting to —".0030 
in the mean secular parallax. The material used for the fainter 
stars, summarized in table 2 of GP 45, is in part incorporated in 
the discussions of the zone catalogs (see note 2), in part it is super¬ 
seded by the work of van de Kamp and Vyssotsky. The results 
f rom the Groombridge Catalog combined into two points give log 
(h/p) = 8.594 at m M = 7.1 and 8.489 at 9.1. This catalog, extend¬ 
ing from the north pole to + 38°, covers only a small portion of the 
galactic regions and its weight has become negligible in the determina¬ 
tion of the mean parallaxes. No weight has been given to it in the 
present discussion. 

2. In an unpublished paper the mean secular parallaxes have been 
computed from the proper motions in the various Yale Zone Catalogs. 
These proper motions have been reduced to the system of the FK3 
(see Astronomical Journal in press). The method used is analogous 


* Boll. Astr. Inst. Netherlands 6: 285. 1932. 
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to that of the u-components, but instead of using the full amo unt 
of the parallactic drift I use its component at right angles to the 
direction of rotation of the stellar system. The purpose of this 
change from the classical method is to obviate the effect of the 
asymmetry in stellar motions and it is expected that the element 
of uncertainty in the amount of solar velocity depending on the 
brightness of the stars is largely overcome. 

3. The mean parallactic motions of the fainter stars in the ori ginal 
investigation at Groningen are very uncertain 6 and the necessity 
of referring faint proper motions directly to the bright stars was 
realized by Kapteyn from the start. It was primarily with this 
purpose in view that first Alden and Van de Kamp and later Van 
de Kamp and Vyssotsky undertook their extensive programs of 
measuring and discussing the proper motions of faint stars on parallax 
plates. For the stars between latitudes ± 10° the results are based 
on 8461 stars in 80 regions centered on parallax stars. As a con¬ 
sequence of the reduction in the strength of the images of the parallax 
stars the results should be largely free of magnitude errors and they 
should have considerable weight especially in the determination of 
the slope of the mean parallax curve. Still we cannot be certain 
that the system as determined by the 80 regions ranging in galactic 
longitude from about 340° to 200° is identical to that of the bright 
stars for the entire sky. For the reduction to mean parallaxes I have 
used the values for the solar motion as adopted by Van de Kamp 
and Vyssotsky 7 , which show a slight increase with increasing mag¬ 
nitude. 

4. The reference stars of the Allegheny and Johannesburg parallax 
plates cover almost the entire sky. The drawback of this determina¬ 
tion is that only proper motions in right ascension have been measured. 
However, this circumstance in a way adds to the systematical inde¬ 
pendence of the result. It is worth noting that the result for the 
McCormick reference stars, which are restricted in galactic longitude, 
is above the average value for photographic magnitude 10.5. (See 
also Van de Kamp and Vyssotsky 6 page 28.) 

5. Still fainter stars are reached in the Radcliffe proper motions 
for the Northern Selected Areas. These are relative proper motions, 
and the extension by this means of the mean secular parallaxes 
is based on the Allegheny and Johannesburg reference stars. The 
result gives a str ikin g confirmation of the slope of the mean secular 

• Groningen Ptibl. No. 29. 1918. 

T Publ. Leander McCormick Obs 7. 1987. 
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parallax curve as determined by the McCormick proper motions. 
See note 3. 

6. Oort finds a value of d log i r/dm numerically twice as large as 
obtained from the average of all other determinations for faint stars. 
The mean parallax is derived from the dispersion in the proper 
motions of the Radcliffe stars and on the dispersion of the linear 
velocities of stars of similar magnitudes. This method avoids the 
uncertainty of reducing the relative proper motions to absolute, which 
is a great advantage especially in the case of faint stars where they 
are small. On the other hand, there are two new sources of uncer¬ 
tainty in Oort’s method that may well outweigh its advantages. The 
first one is the correction of the observed dispersion in the proper 
motions for the effect of observational errors, the second the un¬ 
certainty in the linear velocities. Radial velocities for the faint stars 
have been observed in relatively few cases, too few to be of use in 
a statistical discussion, and therefore Oort has used hypothetical values 
based on the radial velocities of bright stars of different spectral 
types and on the knowledge of the spectral distributions, including 
the distribution of giants and dwarfs for stars of a given magnitude. 
As to the interpretation of the results, Oort draws attention in 
his figure 3 to the linearity of the values of log vr n with the magnitude. 
The least-squares solution results in d log * m /dm = — .132* for the 
group of smallest galactic latitude, and almost the same values for 
the groups of median and high latitude. In my opinion the first 
group at any rate shows very little evidence of a linear character, 
and aside from the possible theoretical considerations that d log v/drn 
should be a constant, the determination is rather weak.** 

* This is exactly the value derived by Van Rhijn and Bok in GP 45. The older value 
by Kapteyn, "Van Rhijn, & Weersma in GP 29 Is -0.1697. 

4 * In his solution Oort has rejected the last point for magnitude 14 8 which, although its 
probable error is the smallest of all, is supposed to be uncertain on account of the smallness 
of the proper motions. This may very well be so, but the uncorrocted average proper 
motions are the same, viz., ".0065, for both 14 m .8 and 14 m .O. The result of the least- 
squares solution including the last point is d log v m jdm - —.0905 and excluding the two 
last points It is —.161. 
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Table 1 


10 + 


10 + 


m — M 


log F{m — M) 


10 + 

log f(m - M) 


log /(m - M) 
- 1/3 logjam - M ) 


-15 

0.9994 

-14 

1.5990 

-13 

2.1985 

-12 

2.7976 

-11 

3.3962 

-10 

3.9941 

- 9 

4.5906 

- 8 


- 7 


- 6 


- 5 

6.9426 

- 4 

7.5112 

- 3 

8.0642 

- 2 

8 5958 

- 1 

■ 

0 

■ 

+ 1 


+ 2 


+ 3 

10.7406 

+ 4 


+ 5 

1 11.3321 

+ 6 


+ 7 


+ 8 


+ 9 

12.1865 

+10 

12.3518 

+11 


+12 

j 12.6419 

+13 


+14 

12.8892 

+15 



1.4732 

2 0727 
2.6717 

3 2701 
3 8678 
4.4638 
5.0576 

5 6479 

6 2330 
6.8098 
7.3745 
7.9216 
8 4446 

8 9360 

9 3891 
9.7989 

10.1634 
10.4837 
10.7636 
11.0076 
11.2207 
11.4078 
11.5732 
11.7204 
11.8522 
11.9714 
12 0792 
12.1780 
12 2688 
12.3525 


4.3734 
4.7731 
5.1723 
5 5711 
5.9694 
6.3664 
6.7616 
7.1543 
7.5390 
7.9255 
8.2989 
8.6590 
9.0013 
9.3202 
9.6111 
9.8707 
10 0984 
10 2952 
10 4646 
10.6100 
10.7351 
10 8436 
10.9384 
11.0218 
11.0958 
11.1622 
11.2217 
11.2760 
11.3255 
11.3719 
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Table 2 


% 

10+ 

log* 

Notes 

Authority 

4.60 

8.308 

1 

Van Rhijn and Bok 8 

6.65 

8.181 

1 

Van Rhijn and Bok 8 

7.74 

7.871 

2 

Schilt, unpublished 

9.81 

7.678 

2 

Schilt, unpublished 

9.52 

7.691 

3 

Van de Kamp and Vyssotsky, Table 6.1 7 

10.84 

7.586 

3 

Van de Kamp and Vyssotsky, Table 6.1 7 

11.84 

7.472 

3 

Van de Kamp and Vyssotsky, Table 6.1 7 

12.79 

7.425 

3 

Van de Kamp and Vyssotsky, Table 6.1 7 

13.59 ; 

7.397 

3 

Van de Kamp and Vyssotsky, Table 6.1 7 

10.55 

7.752 i 

4 

McCormick reference stars 

10.9 

7.612 

4 

Allegheny reference stars 

13.9 

7.403 

5 

Van de Kamp and Vyssotsky, Table 6.7, mean of two 
brightest groups 7 

15.0 

7.249 

5 

Van de Kamp and Vyssotsky, Table 6.7, mean of two 
faintest groups 7 

11.0 

7.466 

6 

Oort, Table 11, mean of 3 brightest groups 9 

14.0 

7.119 

6 

Oort, Table 11, mean of 3 faintest groups 9 


* Groningen Publ. No. 45. 1931. 

•Bull. Astr. Inst. Netherlands 8: 75. 1936. 


Table 3 

Upper Part Gives log A m Obs. — Comp. 


Lower Part Gives log x m — log flm 


Solution 

I (.025) 

II (.035) 

in (.062) 

IV (00) 

Observed per 
square degree 

Alog A 6.5 

-0.010 

+0.032 

+0.054 

+0.109 

9.435 

8.5 

-0.033 

-0.019 

-0.043 

-0.058 

0.380 

10.5 


-0.022 

-0.029 

-0.142 

1.310 

12.5 


0.000 

-0.018 

-0.119 

2.196 

14.5 

+0 031 

+0.004 

+0.005 

0.000 

3.000 

16.5 

+0.009 

+0.008 

+0.031 

+0.187 

3.711 






Observed log % 

5.5 

-2.97 

-3.03 

-3.10 

-3.13 

8.18 

7.5 

-3.01 

-3.02 

-3.06 

-3.01 

7.91 

9.5 

-3.02 

-3.01 

-2.99 

-2.86 

7.70 

11.5 

-3.02 

-2.98 

-2.92 

-2.70 

7.52 

13.5 

-3.02 

-2.96 

-2.88 

-2.58 

7.36 

15.5 

-3.02 

-2.95 

-2.83 

-2.49 

(7.21) 
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Table 3a 
Seares’s Scale 


Solution 

I 

II 

hi 

Observed per 
square degree 

Alog^g 5 

+0.043 

+0 062 

+0.120 

$ 920 

7.5 

-0.016 

-0.023 

-0 028 

9 814 

9.5 

-0.035 

-0.063 

-0 068 

0.690 

11.5 

-0 024 


-0.093 

1 540 

13 5 

+0.010 

-0.018 

-0 062 

2.352 

15.5 

+0.029 

+0.019 

-0 010 

3 089 

17.5 

+0 017 


+0 045 

3.734 

19 5 

-0.026 

+0.039 

+0.098 

4 287 





Observed log £ 

5.5 

-2.79 

-2.82 

-2 94 

8.18 

7.5 

-2 86 

-2.85 

-2 91 

! 7.91 

9.5 

-2.88 

-2 85 

-2 86 

7.70 

11.5 

-2.89 

-2.84 

-2.82 

7.52 

13.5 

-2.90 

-2.84 

-2.78 

7.36 

15.5 

-2.92 

-2.84 

-2 75 

(7.21) 


Table 4 

The Logarithm of the Number of Stars w i th Photographic Absolute 
Magnitudes Between M — and M + % per Cubic Parsec 


M 

log 4> (M) +10 

I 

(van RJbijn) 

ii 

(van Rhijn) 

n 

(Seares) 

GP 47 
Table 6 

- 6 

2.311 

1.959 

2.132 

2.10 

- 4 

3.420 

3.328 

3.452 

3.65 

- 2 

4.629 

4.557 

4.632 

4.75 

0 

5.638 

5.646 

5.672 

5.68 

+ 2 

6.547 

6.595 

6.572 

6.77 

+ 4 

7.356 

7.404 

7.332 

7.19 

+ 6 

8.065 

8.073 

7.952 

7.49 

+ 8 

8.674 

8.602 

8.432 

7.46 

+10 

9.183 

8.991 

8.772 

7.64 

+12 

9.592 

9.240 

8.972 

7.97 

+14 

9.701 

9.349 

9.032 

8.06 
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PART I 


PAIRED FINS AND GIRDLES IN OSTRACODERMS, 
PLACODERMS, AND OTHER PRIMITIVE FISHES 

How did the paired fins and girdles of the earlier vertebrate* ari^e? 
This classic and perennial question is gradually being answered by con¬ 
verging investigations in the fields of palaeontology, comparative anat¬ 
omy and embryology. To cite only some of the later contributions to 
the subject, we may mention: (1) the numerous discoveries of Dr. Lauge 
Koch and his staff (especially Stensio and Save-Soderbergh; among the 
Devonian fishes of East Greenland; (2) the valuable papers by Watson, 
Westoll, Moy-Thomas, and others on the Devonian fishes of Great 
Britain and eastern Canada; (3) the careful descriptions of ontogenetic* 
stages in the limbs of recent amphibians by Schmalhausen, Steiner, and 
Holmgren; (4) the intensive and extensive analyses of the interrelations 
of nerves, muscles, and skeletal parts in the pectoral girdle and limbs of 
vertebrates by Brazier Howell; (5) the description of the pectoral girdle 
and limb of the lower Carboniferous fish Sauripterus by one of us: 16 ) the 
synthesis of palaeontological and morphological data by Romer and 
Byrne. All this has brought the general problem to a critical pha^e 
which will be discussed below. 

The problem of the origin and evolution of the paired appendages and 
girdles has usually been considered as if it could be settled by itself, but 
inasmuch as these structures are merely parts of an organic whole the 
question of their derivation is obviously connected with other problems 
relating to the several ways in which the known fossil and recent am¬ 
phibians may have derived the complex patterns of their skulls, vertebral 
columns, brains, circulatory systems, and the like. This in turn is but 
part of a still larger picture of the origins and subsequent histories of all 
the lower classes of vertebrates. In the latter field the cumulative result 
of more than a century of investigation is now quite rapidly revealing 
the broad outlines, although there is still great need for more precise 
knowledge of details. 

The oldest forerunners of the fishes and higher vertebrates known to 
palaeontologists are the Palaeozoic ostracoderms. These forms are barely 
indicated in the Ordovician and are chiefly represented near the close of 
their range in the upper Silurian and Devonian. It used to be customary 
to dismiss them as aberrantly specialized early side branches of the ver¬ 
tebrate stock, but through many explorations and discoveries of the pa>t 
few decades it has been established that the ostracoderms belong to a 
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great superclass, Agnatha, which on the whole preceded the typical 
fishes and is remotely ancestral to the existing cyclostomes (lampreys 
and hags). 

The entire cephalo-thorax of the earlier ostraeoderms was covered 
with a shield of some sort, ultimately composed of tubercles that arc 
comparable with placoid denticles, but resting on a tough skeletal in¬ 
tegument well supplied with nutrient vessels and with a stratified skeletal 
base. Bone cells with Haversian canals are found in one major branch 
(the Cephalaspidomorphi), but not in the other (Pteraspidomorphi). In 
the former the shield is not divided into separate plates. In the latter it 
is composed of five main plates (one rostral, one mediandorsal, one median- 
ventral, one pair of laterals). It used to be assumed that the presence of 
these plates was a specialization which excluded the ostraeoderms from 
ancestry to higher types, but we wish to put forward the thesis that the 
covering plates of the pectoral girdle of placoderms and true fishes have 
been derived by reduction from the thoracic armor of ostraeoderms, just 
as the covering plates of their skulls have been derived from the cephalic 
plates of ostraeoderms. 

In the Cephalaspidomorphi there are sometimes lateral fleshy lobes or 
projections on either side, medial to the posterior cornua of the shield. 
Stensio (1927: 231) has also demonstrated the presence of a transverse 
skeletal septum (op. cit., fig. 12, p. 45, p. sh.) behind the oralo- 
branchial chamber, which he regards as being at least analogous with the 
endoskeletal shoulder-girdle in fishes. The more median part of this os¬ 
seous septum passed behind the pericardium, while the lateral parts lay 
well behind the postbranchial wall. Thus this septum is at least analo¬ 
gous to the septum transversum of the embryos of sharks and higher ver¬ 
tebrates (cf. Goodrich 1930: 614). We, however, suggest that the endo¬ 
skeletal portion of the shoulder-girdle of fishes is an ingrowth from the 
basal pieces of the pectoral fins. 

In another branch of the ostraeoderms (certain Anaspida) Kiaer (1924: 
103) demonstrated the presence of a paired row of spines on the ventral 
surface, converging from behind the last gill opening to the anal fin 
spines. This suggests a similar arrangement in certain acanthodians. 
Hence the beginnings of the system of paired fins and even of the pec¬ 
toral girdle are already discernible among the oldest known agnathous 
vertebrates. According to Heintz (1931) the most primitive of the 
Placodermi are the acanthaspids, which have huge, outwardly and back- 
wardly directed pectoral spines springing from the anterobasal lateral 
corners of the thoracic shield. We suggest that this condition also is 
relatively primitive even for the true fishes. 
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The acanthodians of the lower Devonian likewise used to be regarded 
merely as an aberrantly specialized side branch of the general shark 
stock, but Watson (1937) has demonstrated that they were remarkably 
primitive in retaining complete gill covers on the rear border of the upper 
and lower jaws as well as on both the upper and lower segments of the 
hyoid arch; thus the acanthodians verify the evidence from comparative 
anatomy that the inner or cartilaginous jaws of sharks and other early 
fishes are serially homologous with the branchial arches. And since the 
older acanthodians are so remarkably primitive in their general anatomy, 
it would be surprising if they did not retain at least some primitive fea¬ 
tures in their fins. 

During the transition from bottom-living to free-sw immin g habits, the 
acanthodians, as actively moving predators, had evolved a complex 
functional shoulder-girdle for the support of their large pectoral spines. 
In the ventral view of Climatius (Watson 1937: 59, fig. 2) behind the gill 
chamber lies, on each side, a stout vertical bar (the “scapula 1 ') support¬ 
ing the pectoral spine. Between the opposite scapulae was a pair of 
“posterior admedian plates," while in front of these came paired “ridged 
dermal bones,” “anterior admedian," “anterior lateral,” “cylindrical" 
and “median dermal bone,” making no fewer than thirteen bones in the 
entire shoulder-girdle, which served as a sling and base between which 
the head and body were supported. Here again this pectoral girdle of 
the Acanthodii seems to us to have been derived by reduction of the 
extensive thoracic shield of the more primitive placoderms. 

The possession of large spines has usually been thought to be a stigma 
of terminal specialization; but the physiologist Homer Smith (1939: 
48, 49) has made the far-reaching suggestion that when the remote an¬ 
cestors of the chordates first came up out of the ocean into the estuaries 
and inland waters, the salts and proteins of their tissue cells would by 
osmosis have caused an undue infiltration of fresh water; “so that by 
degrees the organism tended to pass from excessive hydration to edema 
and in extremis to swell to death ...” He suggests that by certain 
changes in their renal and vascular systems they laid down a water¬ 
proof covering for the surface of the body and eliminated the excess water 
absorbed through the gills. Thus the first stages in the evolution of a 
skeleton were a chemical result of an adjustment to a new environment. 
A continuation of the same process led to the deposition of spikes and 
other forms of armor and still later these became variously adapted as 
locomotor organs, jaws, teeth, etc. 

This highly ingenious hypothesis seems to be in complete accord with 
the palaeontological evidence, to which it affords an unexpected clue. As 
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noted above, Heintz (1931a) has demonstrated the progressive reduction 
of the pectoral spines among the Placodermi; these were very large and 
fixed in the acanthaspids, became highly movable and jointed in the 
Antiarchi, and were finally eliminated in the Arthrodira. The latter, 
however, retained a large shoulder-girdle consisting of bony plates; this 
served as a base for the head, which was fastened to it by a pair of peg- 
and-socket hinges; posteriorly a prominent crest on the underside of the 
top plate of the shoulder-girdle may have been attached posteriorly to 
the body, anteriorly to the head. Thus the girdle in arthrodires lay be¬ 
tween the head and the rest of the body as it does in higher types and 
served as a fulcrum for the movement of the one upon the other. And in 
the later Arthrodira the pectoral girdle retained this function even after 
the pectoral spines had vanished. 

In fact the history of the Arthrodira shows us not only that spines may 
be readily reduced and lost but that the thoracic shield may be reduced 
and slenderized to such a degree that in the later arthrodirans (Heintz 
1931a: 237) we note the following functional and topographic corres¬ 
pondences: 

Arthrodiran plates .Primitive Osteichthyan plates 

Anteroventrolaterals. . .Claviculae 

Anterolaterals.Cleithra 

Anterodorsolaterals.Supracleithra plus posttemporals 

Externobasals.Epiotics (dermal) 

In the pleuracanth sharks the emphasis rested upon a dorsal fin spine 
which had been moved forward on top of the head; and we suggest 
that this large spine, in addition to its protective value, may have served 
as a fulcrum for quick vertical undulations of the head. 

Prominent spines on the anterior dorsal fin and conical projections on 
the pectoral fins would play an important part both in stabilizing the 
primitive fish and in protecting it against being devoured by others. In 
view of the wide systematic distribution of dorsal fin spines among the 
earlier Palaeozoic fishes and pre-fishes, it would not now be surprising if 
the presence of spines as well as of a heavy body armor of small plates, 
denticles, or scales were the primitive condition. 

Although heavy spines and body armor are excellent for defence, they 
may become a hindrance to mobility and swiftness. Certain it is that in 
not a few evolutional series either the fin spines or the body armor or 
both underwent a reduction, often to the point of elimination. In the 
later eel-like acanthodians, for example, the spines became very slender 
and needle-like; in the squaloid sharks the spines show various stages of 
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reduction until in Laemargus they are eliminated, as they are in the 
modernized families of galeoids. The hybodonts and heterodonts, or Port 
Jackson sharks, are an exception in retaining spines on the dorsal fins. 
Moy-Thomas (1936), developing the work of Smith Woodward, has 
shown that the hybodonts may be derived from the spine-bearing etena- 
canthids of the lower Carboniferous. He believes that these in turn were 
derived from spineless cladodonts of the upper Devonian. But at lea«t 
one of the cladodonts (Ctenacanthus darki) (figure 1) had a well de- 



Fiouhe 1 . A dorsal fin spine in a dadodont shark. After Dean. X H* 


veloped dorsal spine (Dean 1909: 251). This makes it quite possible 
that the absence of this spine in Cladoselache may be secondary. 

Between the dermal fin rays and their rod-like supports there is an 
intimate relation. This may be seen most readily in the skeleton of a 
skate but is also evident in the pleuracanths. Dean (1909:245, 246) con¬ 
sidered that the acanthodian fin spine (figure 2) had arisen through the 
clustering of radials on the anterior border of the fin and that as the 
dermal denticles had coalesced into a spine the radials beneath them had 
retreated, after the analogy of the retreat of the Meckel's cartilage be¬ 
neath the encrusting derm bones of the jaw in ganoids and teleosts. The 
anterior margins of median and paired fins are indeed usually strength¬ 
ened by the coalescence of small elements, either by shagreen denticles 
coalesced into spines, as in acanthodians, or by scales uniting into 
lepidotrichs of varying stiffness, as in typical ganoids and teleosts. Dean 
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Figure 2. A primitne acanthodian (Parexui falcatui) with wide-based bn spines. After Dean, 
1907. 


(1909.245) also cited evidence in suppoit of his inference that the numer¬ 
ous long radial rods in the fins of Cladoselache (figure 3), which extend 



almost to the margins, were in a more primitive state than the few and 
very short radial rods that are barely indicated in certain of the well- 
spined, webbed fins of acanthodians. However, it has been shown by 
Heintz (1938: 23) that among the Arthrodira the reduction of the pec¬ 
toral spines was accompanied by a development of the fin web and of its 
supporting rods (figure 4). 

With regard to the origin of paired fins in the shark group, we infer 
that in response to physiological requirements mineral matter was de¬ 
posited successively in the integument after the manner of scale growth; 




Figure 4 Suggested reduction of the pectoral spines and outgrow th of radialb in coccosteids Pro- 
% lsional reconstructions bj Heintz. 


these deposits were not evenly distributed but were concentrated at 
nodal points in a dorsal median row extending along the back and tail, 
and in converging lateral rows extending from the widest points behind 
the head to the anal region. If there were great crowding and concentra¬ 
tion toward the anterior end of each node, spines were produced, as in 
acanthodians and as in the dorsal fins of ctenacanths, hybodonts, ces- 
tracionts, and squaloids. Less crowding at the base encouraged the 
spreading out of the inner layers of the supporting tissue into basals and 
radials. At any time retrogression of the spines would l>e favorable to 
extension of the basals and radials. Consequently we would be inclined 
to reconstruct the ancestral shark neither as a full-fledged acanthodian 
nor as a “primitive cladoselachian 1 ’ as restored by Dean (1909:244) but 
as much nearer to the Ctenacanthub costellatus type as restored by Mov- 
Thomas (1936: 764). 
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Whatever the exact form of the primitive shark may have been, we 
have much evidence that at an early date the metameric muscles seized 
hold of the bases of the nodal ridges and began to use them and their 
accompanying fin folds as movable keels and rudders. As the fin muscu¬ 
lature began to attain its own individuality apart from its parent meta¬ 
meric mass, it spread radiately outward from the body toward the margin 
of the fins, carrying with it a set of stiffening endoskeletal rods which it 
had evoked between the opposing muscle masses either of the upper and 
lower faces of the paired fins or on the right and left sides of the median 
fins. From this viewpoint the extension of the radial rods to the tips of all 
the fins would be no more primitive in Cladoselache than it is in the pec¬ 
toral fins of skates and rays. The large number and similarity to each 
other of the radial rods in Cladoselache used to be taken as a sign of 
primitiveness but it may rather be an example of what one of us (Gregory 
1934) has called “secondary polyisomerism.” 

Most authors have assumed that an anteroposteriorly wide base, with 
little or no axillary incisure (as in Dean's “primitive cladoselachian”), is 
the primitive condition for the pectoral fins, but this is often not so in the 
Anaspida, Acanthaspida, Acanthodii, Macropetalichthys; the base is of 
variable width in the ctenacanthids and bradyodonts, and becomes very 
narrow in the pleuracanths and crossopterygians. And in Cladoselache 
itself the skeletal base of the pectoral fin narrows rapidly as we pass in¬ 
ward toward the pectoral girdle (Dean 1909: 229, fig. 28). Indeed in 
Cladoselache acanthopterygius (op. cit } p. 228) the pectoral fin has a very 
narrow base. 

Whether or not the pectoral fins themselves originally bore spines, it 
is at least highly probable that the presence of vertical keels on the mid¬ 
dorsal line would require lateral, horizontal projections along the ventral 
border, one pair immediately behind the head, another just in front of 
the second dorsal fin, as in the ctenacanths figured by Moy-Thomas. 
Similarly the presence of stout dorsal spines together with actively preda¬ 
tory habits would encourage the downward growth of the muscles and 
supporting rods of the ventral lobe of the tail, a development which 
reaches its culmination in Cladoselache . Per contra } the small size of these 
subcaudai rods in the heterocercal tail of the modernized sharks may well 
be a result of reduction associated perhaps with the partly bottom-feed¬ 
ing habits which are ascribed by E. G. White (1937) to the more primi¬ 
tive galeoids. 

Likewise it has been widely assumed that the remote ancestral verte¬ 
brates were free-swimming, fusiform, or even eel-shaped, actively 
predaceous types; but the more recent evidence (Gregory 1928: 415) 
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suggests rather that they were dorsoventrally asymmetrical, somewhat 
depressed, partly benthic forms, feeding at first by ciliary ingestion of 
small floating particles and only gradually acquiring a fusiform body and 
predatory habits. According to this viewpoint, the active, free-swimming 
Anaspida would be the fish-like derivatives of the cephalaspid stock, 
while the acanthodians would be the earliest known predatory offshoot^ 
of the still unknown Silurian agnathic ancestors of the gnathostome stocks. 

We may sum up the probable mode of origin of the pectoral girdle and 
fins as follows: 

(1) Among the earlier known ostracoderms such as Atelea^pis, Aceras - 
pis , Thelodus , the paired fins had begun to develop as horizontal ridges 
and the position of the future endoskeletal shoulder-girdle was already 
determined by the transverse septum behind the pericardium. 

(2) In the Anaspida both the pectoral and the pelvic fins were part of 
a series of paired projections (spines) which may at first have enabled 
the fish to cling to the rocky bottom of fresh-water streams. 

(3) From the earliest times these dermal projections were connected 
on the inner side with the metameric muscles of the flanks and they may 
at first have served partly as holdfasts, partly as creeping organs. 

(4) The compound shoulder-girdle of later types arose when the endo¬ 
skeletal basal pieces of the pectoral fin worked their way farther into the 
body and encountered the transverse septum behind the pericardium. 

(5) The dermal plates of the shoulder-girdle represent dorsolaterally 
a remnant of the primitive thoracic exoskeleton, or carapace; ventrally 
the interclavicular and clavicular plates are survivors of the ventral 
portion of the same. 

(6) The forward extension of the dermal plates of the pectoral girdle 
beneath the throat is already illustrated in the acanthodians. 

(7) In the earliest known sharks the distal part of the pectoral fin was 
spreading in a fan-like way, increasing its mobility distally. 

(8) According to Broili (1933: 426), a fan-like tribasic pectoral, with 
pieces corresponding to the pro-, meso-, and metapteiygium of sharks, 
was already present in the upper Devonian Macropetahchthys , which 
may be related to the sharks on the one hand and to the Rhenanida on 
the other. Among the later acanthodians a long-spined pectoral fin of 
Acanthodes sp. described by Watson (1937:113,114) contained a fan-like 
skeleton of basal and radial elements arranged radially (c/. fig. 20, p. 317 
below); this arrangement is reasonably interpreted as 4 *tribasal, of gen¬ 
eral Elasmobranch character, v with pro-, meso-, and metapterygia and 
short radials. Even among the eladodonts, Denaea of Pruvost (1922) had 
a fan-shaped pectoral with a narrow base, and though the propterygium 
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is said to be absent, the fin base is otherwise fundamentally like the 
tribasie pectoral of an embryo Scijllium figured by Moy-Thomas (1936: 
770). 

(9) We shall suggest below that a “tribasie pectoral” was also ances¬ 
tral to the so-called archipterygial fin of the (Jrossopterygii and Dipnoi. 

Regarding the skeletal bases of the pelvic fins, no trace of these struc¬ 
tures has been found in the ostracoderms or antiarchs; even in the 
acanthodians Watson (1937: 122) states that “nothing is known of the 
cartilaginous skeleton of the pelvic fin.” It might be supposed that this 
was due to poor preservation of the material but it may rather be an 
indication that the pelvic supports were not yet developed in these 
earliest gnathostomes. In the placoderm MacropetalichthySj however, 
according to Broili (1933:427) there was an elongated, unjointed metap¬ 
terygium which bore a series of jointed radials. In Coccosteus there was 
a pair of so-called “pelvic plates” and there may have been pelvic fins 
in certain other Arthrodira. The pelvic fins usually contrast with the 
pectorals in being considerably smaller and they are functionally con¬ 
nected with the tail more than with the head. There are seldom any 
dermal plates in the pelvic region of fishes that correspond with the 
dermal or outer plates of the shoulder-girdle. 

The skeleton of the pelvic fins in the ctenacanth sharks (figure 5), as 





Fiqube 5. Primitive spiny sharks from the lower Carboniferous of Britain. After Moy-Thomas. 
A. CUnacaniku* cMtellatus . B. Tristychiu 9 arcuatus . 
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figured and restored by Moy-Tliomas (1936: 776-778) a* seen from be¬ 
low, consists of a fan-like arrangement of rods which converge toward 
the “pelvic girdle” (the opposite halves of which are well separated 
across the midline). Each half has an anterior process somewhat analo¬ 
gous with the scapula of the pectoral girdle but lying in the ventral body 
wall. The main part of the fin base is directed posterolaterallv; it in¬ 
cludes one large preaxial radial attached to a lateral process of the girdle 
and four smaller radials, all in a nearly horizontal plane. The mesial 
border of the fin is formed by an elongate “basiptervgiunC which gives 
rise posteriorly to an anteroposterior row of three squarish pieces; with 
the distal one of these articulates a rod-like piece on the medial side, and 
laterally to this, three small rectangular pieces. The posteriorly < lirected 
pieces suggest a metapterygial series. In Ctenacanthm coMlatun, as 
figured by the same author (p.767), the paired pelvic plates are broadly 
triangular but with a concave inner border and inwardly curved anterior 
process; the radials project laterally. Xo metapterygiuni is indicated. 

In the earlier elasmobranchs the pelvic fins and bases do not exhibit a> 
wide a range of pattern as do the pectoral fins. For wherea< the pectorals 
range from the “orthostichous” or long-based type seen in Cladoselache 
to the narrow-based, almost “mesorhachic” type of Pleuracanthm , the 
pelvics exhibit only minor modifications of the typical shark pattern, in 
which the radials converge toward the outer edge of the pelvic plate, 
except those which are attached to the metapterygium; this may or may 
not be extended and subdivided. (In this connection, see the data re¬ 
corded by Goodrich (1909:127-130, 183-186,106-109). And since there 
are not wanting evidences of intermediate stages connecting the orthos- 
tichous and the mesorhachic types, it is important to remember that 
although they look very unlike each other, yet both extremes are known 
within the confines of one major group, the Elasmobranehii. 

The Osteichthyes, or bony fishes in the wider sense, fall into two great 
assemblages: (1) the Aetinopteri of Cope, including the palaeoniseoids, 
together with their highly diversified descendants, the sturgeons, the 
subholostean and holostean ganoids, the garpikes, the amioid* and the 
teleosts; (2) the Choanata (in part) of Save-Soderbergh (1934: 17), in¬ 
cluding the crossopterygians and dipnoans. When the earliest known 
representatives of these major groups first appeared in the Devonian they 
possessed in common many anatomical characters, especially in the 
skeleton and nervous system, yet they already differed widely in the 
construction of the endoskeleton of the paired fins. In the aetinoptery- 
gians the earliest known pectoral fins (of the palaeoniscids) have the 
appearance of having been derived from a long-based ancestral type that 
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was essentially similar to that of the Devonian shark Cladoselache and 
they have indeed been so interpreted oven in the latest work by E. I. 
White (1939). Scwcrtzoff in his “Evolution dor Bauehflossen dor Fische” 
(1934:474) likewise takes the orthostichous pelvic fin of Cladoselache for 
the common source of the crossopterygian and aetinopteran divergence. 
But as it is highly improbable on many other grounds that the Actinop- 
teri were actually derived from the cladodonts, the resemblance in the 
paired fins of the two groups may be convergent. Moreover, Dr. E. I. 
White's diagram (1939: 56) showing “possible trends of development in 
the skeleton of the pectoral lobes in Actinopterygian fishes” by starting 
from a hypothetical cladodont-like ancestral stage ignores the abundant 
morphological evidence for a remote common ancestry between the 
actinopterygians and the crossopterygians. In such an ancestor the 
pectoral bases should be somewhat nearer to the rhipidistian type than 
to the cladodont type. Indeed it was long ago suggested by Smith Wood¬ 
ward (1891: xii, xxi-xxii; 1895: v, vi) that the general type of fin seen in 
Cladoselache and in the oldest Actinopteri was not altogether primitive, 
but had been derived by reduction of the central axis and increase of the 
lateral radials, and that since the crossopterygians attained their 
dominance earlier than did the actinopterygians, the former were proba¬ 
bly on the whole the more primitive group. 

It is true that few authors today would accept the dipnoan “archip- 
terygial” type as the ultimate primitive; it seems highly probable that 
primitive paired fins have arisen by a combination of concrescence at the 
base and spreading distally. Nevertheless this is not inconsistent with 
Smith Woodward’s view that in the oldest aetinopteran forms (Cheirolepis, 
Palaeoniscus) the paired fins were undergoing a regression from an earlier, 
more rhipidistian stage in which the basal lobe was relatively more 
prominent. Goodrich (1909: 109) expresses a similar conclusion in the 
following words, “The orthostichous arrangement of the radials in the 
paired fins of the higher Teleostomes ... is almost certainly secondary 
and due to the reduction of the axis.” 

Paired fins in the Crossopterygians 

In the Choanata the paired fins are of that variable but highly charac¬ 
teristic narrow-based type named archipterygial, mesorachic, cros- 
sopterygial, and rhipidistial. This general type might well have been 
derived from that described above as occurring among the ctenacanthid 
sharks save for the objection that it is highly improbable that these two 
groups are at all nearly related. Evidently the general resemblances be¬ 
tween the tribasic pectoral and the metapterygial pelvic fins of the shark 
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Tristychius (figure 5) (Moy-Thomas 1936:776) on one hand, and on the 
other the rhipidist Tristichopterus (Traquair 1876: pi. 32) are partly of 
independent derivation. Nevertheless, it will be seen that the generally 
more primitive conditions in the ctenacanthid sharks may well afford a 
real clue to the mode of origin of the paired fins of the rhipidist?, dip- 
noans, and derived types. 

The occurrence of tribasic, multiradial, fan-like pectoral fins in such 
widely unrelated forms as acanthodians (Acanthodes) , placoderms 
(Macropetalichthys ), sharks, and even Polypterus (Budgett 1903), further 
suggests that this morphologic pattern has been more or less indepen¬ 
dently evolved whenever the genetic and environmental factors gave it 
a favorable opportunity. From this point of view the occurrence of a 
wide-based pectoral with a very large number of radials, as in Cladosel- 
ache and in greater degree in ray-like forms, is not a primitive but a 
specialized condition. Accordingly we may return with greater confi¬ 
dence to the general ideas of Mollier (1884-1897), Budgett (1903), and 
others who tried to derive the so-called archiptervgial pectoral from a mul¬ 
tiradial shark type, even though the sharks themselves were not ancestral 
to the crossopterygians and dipnoans. Thus (figures 6,7) the rhipidis- 
tial fins of the Devonian crossopterygians and the orthostichous type of 
the palaeoniscoids may be regarded as divergent derivatives of a still 
undiscovered tribasic, multiradial ancestral teleostome fish. 

In the pectoral fin of sharks the metapterygium is on the postaxial or 
dorsomedial border, and the propterygium on the preaxial or antero- 
ventral border; the mesopterygium and its rods lie between them: the 


mtpt. 



FiglHE 6. Diagram blowing how a rhipidibtial pectoral paddle might be derived from a tribute 
type by loss (.dark shading) of the pro- and mesopterygia and their radials, the subdivision of ^toe 
metapterygium into the ' mesomeraP’ axis, and the modification of some of the mesopterygiai rods into 
radials attached to the mesomer&l axis. 
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Fk.i rt 7. Di.igiam of the pectoral fin of Eusthenopteron. 


mesopterygial rods are bet at an angle to the metapterygial axis and 
might easily become associated with it. In modern sharks when the 
pectoral fins are bent outward and downward their upper borders tend to 
face outward. In higher ganoids and teleosts, on the other hand, the pec¬ 
toral fin is folded back so that the originally preaxial border becomes dor¬ 
sal, while the primitive upper or dorsal suiface becomes parallel to and 
faces mesially toward the body. 

In the upper Devonian Eusthenopteron and its allies, representing the 
rhipidistian Crossopterygii, the pectoral fin is no longer in the more 
nearly horizontal plane as it is in sharks but in a more vertical plane, 
with the preaxial margin on the lower edge and the jointed metapterygial 
axis nearer the dorsal margin. The fin as a whole is directed downward 
and backward from the glenoid articulation, which is placed at a rela¬ 
tively high level up from the ventral plane. The metapterygial axis is 
nearer to the dorsomedial border of the fin, wliich is shorter than the 
convex anteroventral border and composed of smaller fin rays. This is 
definitely show T n in the type of *S 'aunpterus (figure 19) as w r ell as in two 
of Bryant’s Eusthenopteron and one of ours, also in the large specimen in 
the Albany, New York, Museum, figured by Hussakof (1912: fig. 2). 
Hence the preaxial rods, representing the rods of the mesopterygial series, 
are directed downward and backward away from the jointed metapter¬ 
ygial axis. 

As long as the metapterygium and its distal pieces remained within or 
near to the body wall, as it did in Cladoselache, the pectoral fin could only 
undulate along its outer margin, essentially as in a skate. But by the 



GREGORY AND RAVEN: PAIRED FINS AND LIMBS 2S9 

continued budding of the metapterygial axis the posterior tip of the fin 
became well freed from the body and an ovate-to-lanceolate leaf-like 
form was assumed. The narrowing base took on the movements of a 
wrist and the development of a ball-and-socket proximal joint permitted 
8-shaped and lash-like movements. Meanwhile the mesopterygial 
radials, directed downward and backward from the metapterygial axis, 
served to strengthen the preaxial border of the fin. 

In the pelvic fin of Eusthenopteron (figure 10) the jointed metapter¬ 
ygial axis is nearer to the medial or cloacal side of the fin, which has 
smaller, more delicate rays and a short border, while the preaxial rods 
are directed toward the long convex anteroexternal border with its 
large dermal rays. But whereas the pectoral fins are directed obliquely 
backward and downward on the outer side of the body, the pelvic fins are 
placed more on the under side of the body and point obliquely backward 
and outward. 

In Osteolepis , which is older (Lower Old Red Sandstone) and more 
primitive than Eusthenopteron , the pectoral and pelvic fins appear to be 
basically the same as those of the latter but the fleshy lobe covering the 
fin muscles is shorter, especially in the pelvic fin. Hence the skeleton of 
the pectoral fins of this primitive rhipidist, which is still very little 
known, should prove to be nearer to the tribasic shark type, while the 
pelvic fin must have had a shorter metapterygium. On the other hand, 
in the Triassic coelacanth Laugia (Stensio 1932b: pi. 1) the fleshy lobe of 
the pectoral becomes a long and narrow stalk, the pelvic fins have moved 
forward and the pelvis (figure 8) has become fastened beneath the pec¬ 
torals and between the forks of the pectoral girdle in much the same 
manner as in the percomorph teleosts (Stensio 1932b: pis. 2, 3). An 
elongated pectoral base is also seen in the recently discovered coelacanth 



Figubs 

coelacanth 


8. A highly specialized derivative of the primitive rhipidist stock, * 

(Laugta groerdandtea ) from the Triassic of East Greenland. Based on Stensio s figures. 
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Latimeria (J. L. B. Smith 1940), a survivor of the coelacanth group which 
was dredged off the coast of East London, South Africa, in 1938. Stensio 
(1921:135; 1937: 50) has shown that though the coelacanths had already 
acquired their peculiar general stamp as early as upper Devonian times, 
yet some of them retained numerous detailed features which indicate 
that the group as a whole was a highly specialized derivative of the 
rhipidistian stem. 

More recently Stensio (1939) records the discovery of an early member 
of the holoptychiid family of the rhipidistians which foreshadows the 
coelacanths in certain important features. Thus it seems probable that 
some early branch of the rhipidistian group, the earliest members of 
which already show a wide range of differences in the construction of the 
skull and paired limbs, gave rise to the coelacanth group, in which a 
particular combination of features became fixed from the upper Devonian 
to the present time. 

On the other hand, some more pliable branch of the rhipidistian stock 
seems to have given rise on the one hand to the Dipnoi and on the other 
to the tetrapods. In short, Eusthenopteron appears to be sufficiently 
primitive to be near to the basal rhipidist stock which gave rise to all 
three major branches, coelacanths, Dipnoi, tetrapods. 

The climax of rhipidistial fin development was reached in the upper 
Devonian Holoptychius; here the pectoral fin is very long and narrow, 
bordered with long dermal rays, in allusion to which the group name 
Crossopterygia (tassel-fins) was invented. This same general type of fin 
was carried still further among the dipnoans until it finally degenerated 
into the highly flexible, tentacle-like paired fins of the African lungfish 
Protopterus . 

We may sum up the previous discussion as follows: 

(1) The evidence suggests that the earliest chordates (of which the 
ostracoderms were the diversified descendants) were somewhat dorso- 
ventrally compressed, clinging to a rocky bottom and sucking in small 
food by respiratory action of the throat. 

(2) Median and paired fins were developed, especially as an aid in 
free-swimming, predaceous habits. A primitive sort of paired pectoral 
fins forming horizontal lappets or flaps was evolved among the Cepha- 
laspidomorphi, while some of the active Anaspida acquired a converging 
row of fin spines leading from the pectoral to the pelvic fins. 

(3) It seems probable that the dorsal and paired fins of the earliest 
gnathostomes were not continuous “fin folds” but nodally placed, com¬ 
pressed ridges strengthened anteriorly by a concentration of denticles or 
scales which often coalesced into fin spines. 
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(4; Among the earliest gnathostomes the motamorie muscles eaily 
pushed their way into the base of the paired and median fin projections, 
producing there “basals,” and "radials’’; the surface of the ridge or fin 
was covered in the elasmobranchs with horny fibiillae (ceratotrichia . 
and in the bony fishes with radially disposed rows of bony ganoid scales 
(lepidotrichia); thus active undulation of the fins was effected by the 
combination of a firm but movable base and a flexible margin. 

(5) The tribasic, multiradial type may have been developed more or 
less independently in the sharks, Stegoselaehii (MacropetaUchthysj and 
other groups as a result of the similar metameric axial musculature and 
similar integument. The pectoral fin was usually more fan-like than the 
pelvic, with narrower, finally more wrist-like base. 

(6) The long-based “orthostichous"’ pectoral, beginning in Cla<\- 
oselache and culminating in ray-like forms, has been derived from a more 
normal, short-based, tribasic type. 

(7) The Osteichthyes, including the Actinopteri and the Crossopte- 
rygii, probably diverged from a common ancestral stock which had tri¬ 
basic, multiradial pectorals; the pelvics were monobasic, orthostichous, 
and multiradial, sometimes with a tendency to prolong the metapter- 
ygial axis by budding. 

(8) The Eusthenopteron type of pectoral is nearer to the primitive 
crossopterygian type than is the long tassel-like pectoral of Holoptychiu .s, 
which presumably had postaxial as well as preaxial radials. 

(9) There seems to be no good reason nowadays for regarding the 
“arehiptervgium” of Dipnoi as anything but an advanced derivative of 
a tribasic, multiradial fin in which the metapterygial axis, by budding, 
ultimately transformed the fin into a long flexible tentacle. 

(10) Neither can we believe that the anatomy of the paired fins of the 
excessively specialized coelacanths can be a reliable guide to the early 
evolution of the tetrapod limbs. Consequently we return with greater 
confidence to the primitive rhipidistial type of girdles and limbs in our 
search for the pro-tetrapod stage. 




PART II 


A NEW RESTORATION OF THE SKELETON OF EUSTHE- 
NOPTERON (PISCES CROSSOPTERYGII, DEVONIAN, 
QUEBEC) WITH REMARKS ON THE ORIGIN 
OF THE TETRAPOD STEM 

In continuation of our foimei studies on the evolution of the peetoial 
and pelvic paddles of rhipidistian fish type into the paired appendage* of 
land-living vertebrates we undertook about two years ago to revise, and 
if possible to correct, previous restorations of the skeleton of Ensthenop- 
teron foordi Whiteaves, which is from the upper Devonian, Escuminac 
formation, near Maguasha West, Quebec (Russell 1939 y. The prime 
basis for our studies was a collection of this fossil fish made for the 
American Museum of Natural History by Dr. Louis Hussakof in 1906 but 
this collection was eventually supplemented by several others from the 
same locality, namely, those of Dr. and Mrs. Horace Elmer Wood, 2nd, 
Dr. Thomas Barbour of the Museum of Comparative Zoology, Harvard 
University, Dr. Glenn L. Jepsen of Princeton University. The collec¬ 
tions made for the Buffalo Society of Natural Sciences and described by 
William L. Bryant (1919) were represented by a fine series of photo¬ 
graphs, which were kindly sent us by Dr. Bryant. The New York State 
Museum collection of Eusthenopteron at Albany, New’ York was studied 
there by the senior author through the courtesy of Director C. C. Adams. 
This collection includes the largest known and one of the most complete 
specimens of this fish, which was described by Hussakof in 1912. To all 
these persons and institutions we desire to express our most cordial 
thanks and appreciation, and especially to Mrs. Helen Ziska of the 
American Museum of Natural History, who, with infinite patience, has 
made and remade the drawings and successive restorations for the 
present paper. 


Body-form 

The skull of Eusthenopteron has been described by Whiteaves, Bryant. 
Stensio, Jarvik, and as far as we have observed our material has pre¬ 
sented nothing unusual. For the restoration of the skull we have had 
before us several fine specimens (Nos. 7647, 7564, 7674, 7S49, 7584), as 
w T ell as the literature of the subject. As noted below, the wide, rela¬ 
tively flat gulars and flat occipital roof contrast widely with the com¬ 
pressed skull and high supraoccipital keel of typical teleosts. Moreover, 
although the bodies are usually crushed flat, the similarity between 

(293) 
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dorso-ventrally and laterally crushed specimens tends to confirm the 
view that the body immediately behind the skull was more or less oval or 
cylindrical in cross-section. This is consistent also with the relatively 
high position of the pectoral fins at their junction with the cleithra, as 
well as with the lowness of the dorsal blade of the latter. 

The specimens at hand range in estimated total length from about 
44 millimeters (plate 1, figures 1, 2) to 863 millimeters (figure 10). 
Most of them are crushed very flat and are variously mashed and dis¬ 
torted. The larger fishes are often bent into a U-shaped posture. A 
very few specimens are but little crushed and these of course are of great 
value. The relative proportions, from the smallest to the largest, are 
given in the accompanying table. 
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From these data it would appear that the ratio — in the lancer speci¬ 
mens averages 4.5; in our restoration (figure 10*, which is based prima¬ 
rily on the very large Albany fish, this ratio is estimated as 4.4; in two 

very small specimens the head is relatively a little longer GH- Ir. 

Bryant’s restoration the head appeal's to be relatively longer (t-) 
than would be warranted by the specimens noted in table 1. 


In the side view our restoration shows a somewhat Polypterus -like and 
very predatory fish, with the head a little shorter (relatively; than in 
Bryant’s restoration and the body much less deep and compressed than 
in Whiteaves’s restoration. The general proportions are thus not veiy 
different from those assigned to the British Tristichopterus , the nearest 
known relative of Eusthenopteron, in the restoration by Watson Moy- 
Thomas 1939:82); here head length into total length is about 4.2 and the 
bod}" depth is about M the total length. The apparent depth of the body 
has usually been increased by crushing. Even after allowing: as far as 
possible for this factor, the relation between the estimated depth of the 
body (d) a little in front of D 1, to its over-all length, averages about 7.1; 
that is, if we exclude the smaller specimens, in which this ratio varies 
from 5.1 to 5.4. In Bryant’s restoration (text fig. 1) this ratio would be 
about 6.7; in our restoration it is 7; in Watsons restoration of Tri&ichop - 
terns it is also about 7. 

The new restoration (figuke 10), which is the first to attempt a com¬ 
plete, or nearly complete, representation of the postcranial skeleton, is 
a composite picture based primarily, as to size and proportions, on the 
very large Albany fish but with details supplied from many others. Al¬ 
though the Albany fish is bent into a U and its apparent body-depth 
greatly increased by crushing, it seems feasible to take the length along 
the curve of the vertebral column from the snout to the tip of the tail and 
then, by straightening out this line and measuring the distances of the 
fins from each end, to establish a preliminary basis for a restoration. The 
relative positions and sizes of the two dorsal fins (D 1 , D 2 ;, the pelvic and 
the anal fins, are given in many specimens and are fairly constant. The 
vertical spread of the huge caudal fin is well shown in the Albany and 
other specimens, as is also the long notochordal tip of the tail. The wide, 
nearly flat top of the skull is well preserved in a very large specimen 
figured by Whit eaves (1889: pi. 7) and in a smaller one (A. M. 75S4j of 
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ours. Bryant also figures the head as flat or gently convex above in top 
view, widening fioni the blunt snout to the occiput, flattened below; 
thus much more like PolypUrw than like typical teleorts with laterally 
compressed heads. 

The widest part of the body was probably across the opercula [cf. No. 
7584 A. M-). The highest point of the back w r as perhaps slightly in 
front of Dl. The body cavity was long and not deep. The cross-section 
behind the abdominally placed pelvic fins became compressed toward the 
rear, culminating in the vertically extended caudal fin. The vertical 
spread of the triple caudal fin, 173 millimeters in the largest Albany fish, 
is about 1.4 times the estimated body depth. The very large size of the 
modified heterocercal or tristichopteral tail in Eusthcnopkron i« another 
point of resemblance to Trutichoptcras. 

Vertebral Column 

The vertebral column of EuUhcnopttron is still incompletely known. 
In most specimens the stout bony scales conceal the vertebrae and very 
often the latter, being somewhat weakly constructed, have left only 
obscure traces‘in the fossil. When the back k bent into a U-shape the 
delicate and incompletely coossified central pieces are usually found 
pushed toward the ventral surface and even when the body is not bent 
the mid-dorsal centra likewise sag toward the belly. Hence it has been 
only after repeated trials that w’e can tentatively assign the position of 
the column indicated in figure 10. Evidently the horizontal level of 
the vertebral column at its junction with the occiput was relatively high; 
from this point the line of the centra sloped gently downward and back¬ 
ward to the posterior end of the body-cavity, thence curving gently up¬ 
ward to the basically heterocercal tail. 

The best vertebral column known to us t figure 11 and Piates 2,3 ) is 
in Xo. 7653 A XL; a photograph of this w'as reproduced in a preliminary 
note on the vertebrae of Ewsthcnopicron by Gregory, Rockwell, and 
Evans in 1939. This large fish (figure 11) show’s that there was con¬ 
siderable regional differentiation in the vertebral column. Two of the 
cervical vertebrae of this fish show' that in the w’ell-ossified centra the 
notochordal lumen w r as still fairly large, but in the dorsal region it could 
hardly have been very large because parasagittal sections of certain 
dorsal vertebrae in Xo. 7676 (figure 12) w’hich are well beneath the 
outer surface of the rings are yet not deep enough to show' the noto¬ 
chordal tunnel. In the mid-dorsal region of Xo. 7653 the centra as pre¬ 
served appear as thin crescents; of these the right and left halves have 
been squeezed in such a tvay that the left half appears as a convex cres- 
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cent and the light half as a conca\e one, we suspect howe\ei that the 
appaient thmre*s of these ciescent^ is *omewhat illuMDiv and due to 
paitial chsapi eaiance of the delicate bony tissue 1 etween the outei sur¬ 
face^ of the half-ring and the notochordal tunnel. Behind D 1 the centra 
appeal to become sepaiated by mterveitebial «pace« while immediately 
behind D 2 se\eial centia become shoitei vertically; m all the caudal 
legion the centia aie no longei ossified, the notochoul and its sheath 
being lepiesented by an empty tract between the neuial ami haemal 
arcuaha. 

No. 7676 A.M. (figure 12j at first gives the impression that there are 
two complete centra to each neural arch but comparison both with 
younger specimens (M.C.Z. Xo. 6954, 650S) and with a laige one 'Xo. 
5S0 oi suggests that theie was but one complete centium composed of 
light and left descents' to each neural arch and that the appearance in 
Xo 7676 is due to the thrusting of each left half-centium in fiont of the 
light half-centrum. The lateral surface of the centium when pieserved 
hears megular ndges or sometimes a lateral prominence suggesting a 
paiapophy^is. Xe\eitheless no tiace of ribs was seen in any of the 
numeious fishes examined. The lower surface of each central ciescent 
is flattened and somew’hat shiny, as if it had been in contact with a 
smooth object, perhaps the dorsal suiface of the lung-swimbladiler. 

In Bryant's text figuie S (1919: 21), showing the end view of one of 
these half-eential crescents, the thickest pait of the descent is on top, 
whereas our Xo. 7653 shows clearly that the bottom* of the crescents 
were flattened, the tops pomted. The vertical suleu* on the lateral face 
of each half-ring, which is so clearly shown in Bryant's plate 15, is at 
best obscurely shown in some of our specimens and definitely absent in 
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motile of the small ones. Nevertheless it ^eems probable that these 
sulci, which presumably marked the course of metamoric blood vessels, 
would appear, at least in larger specimens, more or less as we have in¬ 
dicated in the restoration. 

The neural arches and &pines immediately behind the occiput seem to 
lie short and nearly vertical; they gradually lengthen and become more 
inclined backward to beneath Dl, thence they become increasingly 
shorter, more slender, and still more inclined backward especially above 
the caudal notochord. The haemal spines, on the other hand, beginning 
at about the thirty-seventh vertebra, are at first slender; then there are 
two large one* for the support of the great basal piece of the anal fin; 
next they become fairly short; while above the anteroventral border of 
the tail they become quite stout and are articulated with about ten long 
rods, which in turn support the large dermal rays on the ventral moiety 
of the huge tripartite caudal fin. No opineural or intemeural rods have 
been detected in any of the many specimens examined. 

In No. 7676 some of the neural arches (figure 12) have concave an¬ 
terior rostral surfaces; each of these seems to have received the convex 
posterior »caudal surface of the arch in front of it. Several of these 
spines look as if they were bifid dorsally. This specimen also indicates the 
presence of low anterior zygapophvsial processes and articulations but 
these are but poorly if at all shown in other specimens; a sharp, back- 
wardly directed zygapophvsial process from near the base of the neural 
arch lies well below the level of the anterior zygapophysis. 

Behind and beneath each neural arch was a pair of (right and left) bony 
nodules which may have represented the pleurocentra of lab} r rinthodonts. 
In one ca*e No. 7676 > it appears as if the lower ends of the neurocentra 
were separate from the neural arch but this is very probably due to 
fracture. Above the pleurocentra in No. 7676 there was a depression 
which may mark the place of exit of a spinal nerve. In brief, the 
vertebrae of Eu^thenopteron were notochordal and temnospondylous. 
This condition of the vertebrae has already been noted by Watson and 
Day (1916' in Glyptohpia. 

In the middle part of the column the intervertebral spaces may have 
l>een more or less pronounced in large specimens but in small ones the 
successive block-like centra appear to be separated but little if at all 
from each other. The total number of vertebral segments from the 
occiput to the first ray of the epichordal part of the tail was about fifty- 
seven; of these the thirty-ninth was connected above with the ^handle" 
of the basal piece of D2, while the fortieth and forty-first bore the haemal 
jrois for the anal fin. 
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Median Fins 

Of the two dorsal fin? D1 i* more delicate titan 1)2. It X- *** 
slightly behind the summit of the long and -light do:-a! n-"\ In *■' 
original of Bryant 1 ? plate 1, figure 2, there wa- a v*i\ larg^ u i (l lr,\ U 
flat rod which Bryant took to be the ba*al piece of "he fi:-*- Iu:-al fin 
DIn Although the basal support of Dl i- veiy seldom -h >wn n our 
material it is veiy beautifully preserved in Xo. 37-32 H E.W. AM. 
S095 . This is a tliick three-sided bone iiglul 13 with well-: ousted 
corners, of which the smooth upper cornet bear? the thiee -mall to 1- in 
the muscular lobe of the fin. Indication* of thi- large to luted bor.e au 
found in several other specimens. In thi- specimen it i* completely fret 
from the small neural spines beneath it and in no case known to u- do*-- 
it seem to be connected below T w’ith the neural spines or centra. 

In view of the unquestionable character of thi* bone in our specimen 
we are led to doubt the correctness of Moy-Thomas’s revision of Whit- 
eaves’s original restoration in so far a* the former appaientlv on th** 
basis of Bryant’s text, p. 21 and pi. 1) places a rod-like bone beneath Dl 
and connects it below’ with one of the neural arches. A possible alternative 
identification of the long rod-like bone in Bryant’s plate 1 may be that 
it is a badly displaced supracleithrum and that it- *uppo-ed “zyga- 
pophybis” is really the process for articulation with the eleithrum cf. 
Bryant’s text fig. 7). 

The irregular plaque that lies ventral to the column in the -ame speci¬ 
men is w’holly unlike our known pelvic bone. The rounded bony basal 
of Dl seems surprisingly large in view of the smallness and -lenderness 
of the three rods in the basal fleshy lobe of the fm above it. Possibly 
tliis large basal piece may have been connected by fascia or ligament with 
the larger but more delicate base of D2. Both may, a* suggested by 
Whiteaves and Watson, have been derived through the concentration 
and concrescence of earlier interneural pieces. However, the bones of 
both dorsal fins differ widely from the intemeurals and pteryaiophorct 
of typical fishes. 

Apparently embedded amidst the dermal rays of Dl in this specimen 
(H.E.W. 37-32 1 is a large flat, bony strip with a well-rimmed anterior 
margin, all of uncertain significance. Puch a structure ha- not been seen 
by us elsew’here. Possibly it may represent a fusion of some of the 
dermal rays tlepidotrichia) of the fin. 

Beneath and behind Dl in several specimens there wa* a bony dermal 
plate ridged apparently in the mid-dorsal line and somewhat analogou- 
to the ridged scutes on the skin of a sturgeon. This bony plate looks a? 



Figlbiu 13 Peluc region with first and second dorsal fins of a large specimen of / uUhtnopUron 
collected bj H. E. Wood, 2nd. Slightly less than natural Mac. 

if it were made of the same material which forms the base of the large 
scales. Bryant speaks of such plates as being present beneath and be¬ 
hind D1 and D2 but we cannot certify their presence behind D2. 

The basal piece of the second dorsal fin (D2) is widely different from 
that of Dl. In small specimens it is usually incompletely shown but in 
the very large specimens H.E.W. No. 30-11 (A.M. 8096) is very well 
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preserved and is exactly like the large one figured by Whiteaves (1889: 
79). Its upper or dorsal part consists of a large ovoid area bearing on 
its distal edge a row of three facets for three distal rods in the muscular 
lobe of the fin. At the posterior boundary of this ovoid plate is a promi¬ 
nent and straight stiffening ridge, which is continued downward into the 
lower part of the bone, which consists of a curved rod. The lower end 
of this rod articulates with the dorsal extremity of a neural arch. This 
contact can be clearly seen in H.E.W. 37-32 (A.M. 8095) and is less 
clearly shown in several other specimens. Hence we are compelled to 
doubt Bryant’s view (p. 2) with regard to the derivation of the basal 
supports of Dl, D2, which was that they represent modified neural 
spines. We think rather that they are probably analogous with epi- or 
interneurals of typical fishes and that they have arisen between the 
fascia of axially derived fin muscles and have later grown downward so 
that in D2 a ventral apophysis of the basal piece has gained contact with 
one of the neural arches. A somewhat analogous but more advanced 
stage is seen in the heterodont sharks, in which the basal supports of the 
two dorsal fins have sunk down and gained a base even on the central 
part of the column. 

The three radial pieces that support the muscular or lobate part of D2 
are much larger than their analogues in Dl. The rear one is much the 
largest of the three, the middle is intermediate, the first, slender. The 
distal end of the rear rod is expanded rostrocaudally and is somewhat 
analogous with an expanded hypural bone in teleosts. These radials 
evidently moved as a set, over relatively small lateral and rostrocaudal 
arcs, in imparting larger undulatory movements to the stout lepido- 
trichia of the fin. 

The anal fin (figure 10) closely resembled its partner D2, except that 
the proximal end of its large basal piece was much wider (anteroposter- 
iorly) and straighter than the curved handle of the basal piece of D2. 
Moreover the wider proximal end of this bone was connected with two 
fairly large haemal spines, as is clearly shown in Nos. H.E.W. 37-32 and 
in A.M. 7653. This point is important when one is trying to distinguish 
between the dorsal and the ventral borders of imperfectly preserved and 
crushed specimens. In Whiteaves’s restoration the differences in form 
between the basal pieces of D2 and the anal fin are not well shown. The 
three radial pieces in the muscular lobe of the anal fin are drawn as if 
they closely resembled those of D2. However, there can be now no ques¬ 
tion that the large basal piece of the anal fin lay below the row of haemal 
spines and thus corresponds in derivation to the basal piece of D2, 
whereas according to Bryant’s interpretation the basal piece of D2 be- 
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longed to the neural arch series while that of the anal fin belonged to 
the interhaemal set. 

The very large triple caudal fin (plate 1, figure 3) is externally 
homocereal, or, more exactly, tripartite, and internally lieterocercal. 
The epichordal neural spines are delicate and widely overlapping, the 
haemal rods much stouter. To the latter are attached the long radial 
rods of the hypochordal lobe. None of the haemal rods is expanded 
into an hypural fan. 


Girdles and Paired Fins 

The pectoral girdle has been well described and figured by earlier 
authors, especially in its lateral aspect. However, apart from Bryant’s 
figure (pi. 14, fig. 1) little has been published upon the medial aspect of 
the pectoral girdle, which in our specimens displays several well marked 
features. 

Clavicula and cleithrum are so closely united to form a large, more or 
less crescentic bone that we have seen little if any evidence for locating 
the suture in the position indicated by Bryant (text fig. 7). Indeed 
several young specimens suggest that the clavicle has an ascending 
branch which overlaps the middle part of the anterior border of the 
cleithrum. The difficulty here is that this possible ascending bar of the 
clavicle may represent part of the gular system. In several flatly 
crushed specimens (especially H.E.W. 30-32 [A.M. 8097] and M.C.Z. 
5816-17) there is a sharp horizontal line (figure 14) somewhat resem¬ 
bling a suture at the base of the ascending blade of the cleithrum. Close 



Figubb 14, Crashed pectoral girdle of small Eurtkenopteron . X 1. 
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examination indicates that this is a crack, not a suture. On the medial 
surface of the ascending blade of the cleithrum there is a convex raised 
area, forming a largo acute triangle with its apex near the top of the 
anterior or opercular border of the blade and its base horizontal, in front 
of the glenoid region of the pectoral paddle. Opposing this dorsal tri¬ 
angle is a conspicuous smaller ventral triangle on the ventral half of the 
claviculo-eleithrum. The ventral triangle surrounds a sharply depressed 
area of unknown function. It might be supposed at first that into this 
depressed triangular area fitted the lateral face of the scapulo-eoracoid, 
but not one of our specimens affords direct evidence as to the latter, 
which seems to be well shown only in Bryant’s specimen (pi. 14, fig. 1). 
We suspect that the scapulo-coracoid was small and did not extend far 
in front of its glenoid portion; the latter in turn was well behind the 
depressed triangle. On the whole it seems probable that this triangular 
area served for the origin of some of the strong muscles on the medial 
surface of the pectoral fin. 

No evidence of an interclavicle was noted. 

The pectoral paddle of Eusthenopteron (figures 7, 10) has been 
described by many authors, including Whiteaves (1889), Traquair 
(1890), A. S. Woodward (1898), Goodrich (1902), Bryant (1919), Holm¬ 
gren (1933). Its muscular lobe and strong lepidotrichia were supported 
by a series of four or possibly five mesomeies, each of which bore a lateral 
rod or radial in a diminishing series. For convenience we have de¬ 
signated the mesomeres as A, B, C, D, E, and the radials as a, b, c, d. 
Several well preserved specimens show the radials, a, b, c, d, along the 
preaxial or anteroventral border, which in turn is indicated by the larger 
size of the lepidotrichia and by the convexity of the margin of the fin. 
The line of the mesomeres is much nearer to the postaxial or dorso- 
medial border of the fin. Mesomeres, A, C, and D, each bore on its 
postaxial, distal corner a large distally directed process that suggests the 
entocondylar process of the humerus of the early tetrapods. 

The pelvic paddle and pelvic bone of Eusthenopteron were figured by 
Goodrich (1902: pi. 16) but since then but little has been discovered 
about them. For a long time we searched in vain for reliable evidence 
regarding the pelvis itself. Gradually it became clear that the bones 
designated by Bryant in the legend of his plate 13 as the “supports of the 
ventral fins” were really the juxtaposed large basal pieces of the second 
dorsal and anal fins (figure 15). In the large Albany fish the pelvic 
bones were obscure and in many small specimens they were indicated 
merely by vague marks. At last, however, Dr. H. E. Wood, 2nd, sup¬ 
plied the pelvic region of a large fish (H.E.W. 37-32), which upon being 
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tiouEE 15. Bryant's specimen of Eusthenopteron , showing supposed pehic bones, here interpreted 
as basal pieces of the second dorsal and anal fins. The anal fin support has been crushed upward. XU* 


exposed (figure 13) revealed an almost perfect left half of the pelvis, 
a nearly perfect left pelvic paddle and parts of the right one, together 
with the best known basal piece of D1 and several valuable items as to 
the neural and haemal arches. The pelvic girdles and paddles had, 
however, been pushed up against the vertebral column. This probably 



GREGORY AND RAVEN PAIRED FINS AND LIMBS 


307 


accounts for the sharp downward dip of the long anteiior or pubic pro¬ 
jection of the pelvic rod. The acetabulum faced almost wholly back¬ 
ward and theie was thus no posterior ischial prolongation. Above the 
acetabulum was a prominent doisoposteriorly directed process which 
we are provisionally calling the iliac process. On the medial side this 
process was in close contact with a similar-appearing surface of the 
opposite side. If this contact is due to crushing there is no apparent 
difficulty about calling the process itself an iliac process but if the contact 
in question is a natural one it would perhaps represent a soit of ischial 
symphysis. As this would bring the opposite acetabula very close to the 
midline, it seems improbable to us and we are therefore assuming that 
the process m question is really on the dorsolateral side of each pelvic 
bone. The gieat extension of the pubo-ischiadic rod in front of the aceta¬ 
bulum implies that the muscles protracting the pelvic paddles were 
strongly developed and that the latter weie used as in recent fishes for 
checking foiward locomotion. 

The pelvic paddle (figukes 10, 13) is much like the pectoral but per¬ 
haps a foiuth smaller. Its axis includes three visible mesomeres (A, 
B, C) with then attached ladials (a, b, c). The latter, as in the pectoral 
paddles, are nearer the convex preaxial border, while the line of the 
mesomeres lies nearer the medial or postaxial border. By virtue of 
then* position nearly beneath the body the pelvic paddles were probably 
directed backward in a nearly horizontal plane; like the pectoral paddles 
they could readily be turned downward and outward or backward and 
inward, and both pectoral and pelvic paddles were able to rotate, twist 
and bend in various directions. 

Summary of Main Skeletal Characters 

The main pioportions arc: head into total length, 4.4; body height (in 
front of second dorsal) into total length, 7; body height into vertical 
spiead of tail, 1.4. In general the fish had a blunt snout, nearly flat 
occipital roof and flat gular region; immediately behind the opercula the 
body was rounded, not deep, in cross-section, gradually becoming 
compressed caudalward. 

Vertebral column showing considerable regional differentiation. Ver¬ 
tebral segments represented by about 57 neural spines. Vertebrae 
notochordal and temnospondylous, with crescent-like half centra (inter- 
centra) and nodular pleurocentra, intervertebral spaces marked in 
mid-dorsal region, centra fading away behind the anal fin. No inter- 
neurals, no bony ribs. Neural arches in anterior cervical region rela- 
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tively short, becoming longer and more inclined eaudalward, with in¬ 
cipient anterior zygapophyscs, especially in dorsal region. 

Two dorsal fins, both paddle-like, with prominent fleshy lobes contain¬ 
ing three radial rods; basal piece of 1)1 large, roundly triangular, not 
connected below with neural spines; basal piece of D2 expanded ovoid, 
with forwardly curved slender inferior process, the latter connected be¬ 
low with small neural spine; basal piece of paddle-like anal fin with wide 
proximal end connected with two strong haemal spines; about 10 or 11 
caudal haemal spines, each bearing distally a rod-like radial, to which in 
turn were fastened strong and long dermal rays (lepidotrichia) of the 
huge caudal fin; the latter internally heterocercal, externally tripartite, 
with a long notochordal wisp. 

Clavicula-cleithrum closely united, scapula-coracoid small and rarely 
preserved; medial surface of clavicula-cleithrum bearing a conspicuous 
acutely-triangular depressed area, possibly for attachment of the 
scapulo-coracoid. 

Pelvic rod narrow, elongate, with pointed pubic tip, caudally placed 
acetabulum and no postacetabular (ischial) extension; a low dorso- 
posteriorly directed process, the probable homologue of the ilium. 

Pectoral and pelvic paddles essentially similar, of so-called abbreviate 
archipterygial type, with four or three mesomeres and as many parameres 
or radials, the latter being near the convex anterior or preaxial border, 
the mesomeres nearer the postaxial border. 

The Living Eusthenopteron 

If we could see a living Eusthenopteron in a large aquarium tank it 
would probably remind us of various ganoids, dipnoans, and even of 
certain specialized teleosts. On the whole it would most nearly resemble 
the living Polypterus in the general form of the head, rather flattened 
above, with a blunt snout and flat throat. In slow movements its 
paddle-like second dorsal and anal fins would be swaying from side to 
side in unison; in turning and backing the huge caudal would sway with 
rippling borders. Especially when the fish was on the bottom the paired 
paddles could be thrust outward and moved almost like legs, as may be 
seen in the existing Australian lungfish. In the sudden dash after the 
prey the strong axial muscles would throw the whole column into large 
curves and the vigorous median fins would paddle furiously. In sudden 
stopping or ‘‘freezing” the paired fins would be thrust outward and all 
the fins would be cupped forward. When quite near the prey the lower 
jaw and throat would be sharply depressed and the front part of the 
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head raised. All this would tend to form a yawning chasm into which 
the victim would be sucked. 

Derivation and Relationships 

As compared with later groups of osteichythyan fishes, the order 
Rhipidistii, to which Eusthenopteron belongs, is conspicuous for the com¬ 
paratively narrow range of its structural diversity. In other words, 
even such extreme forms as Holoptychius and Eusthenopteron inherit 
many basic features in common. We can find nothing to prevent them 
both from being derived from Osteolepis of the middle Devonian. This 
genus, to judge by analogy with the known history of the palaeoniscoid 
fishes, is far more primitive than any of the other typical genera, espe¬ 
cially in the following characters: 

(1) Its much smaller size and far less specialized general appearance. 

(2) Its scales are of the small and thick primitive rhombic type, 

coated with a smooth shiny layer of cosmine, without the 
elaborate surface ornamentation of the Eusthenopteron and 
Holoptychius scales. 

(3) Its pectoral and pelvic fins are relatively small, with short fleshy 

lobes, but little advanced toward either the narrow fringe-finned 
Holoptychius or the broad Eusthenopteron types. 

(4) Its tail is simply heterocercal, the dermal rays not produced to 

form a large triple tail. 

(5) The two dorsal and anal fins are in an early stage of differentiation 

and there is no evidence that they were supported by any such 
highly specialized structures as are found in Eusthenopteron . 

(6) The vertebrae of Osteolepis in so far as they are known in the 

closely allied Glyptolepis arc temnospondylous (Watson and 
Day, 1916) and could readily give rise to the more differentiated 
conditions recorded above in Eusthenopteron . 

(7) In respect to skull structure the elaborate studies of Pander, 

Watson, Save-Sdderberg and others on the skull of Osteolepis 
and of Bryant and others on the skull of Eusthenopteron demon¬ 
strate a relatively close relationship between these genera and 
assuredly in respect to its dentition there can be no question 
that Osteolepis is the more primitive. 

The derivation of Eusthenopteron from Osteolepis is further proved by 
the existence of another upper Devonian genus, Tristichopterus } which is 
structurally intermediate between the two genera and is in all probability 
a survivor of the actual ancestor of Eusthenoptei'on. 

Eusthenopteron is also closely related to Megalichthys of the Carbonif- 
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erous and Permian periods. The Texas representative of this genus 
(“Edosteorhachis” Cope) has a wide, almost batrachoid head (whence the 
name Parabatrachus Owen) but its endocranium, described by Romer 
(1937) is essentially like that of Eusthenopteron . The same is true of its 
inner and outer jaws, its dentition, scalation, ring-vertebrae and paired 
appendages. 

In another direction Eusthenopteron or some nearly allied genus affords 
an excellent structural ancestor to the coelacanths. Even Latimeria , 
the recently discovered survivor of the coelacanths, may safely be con¬ 
sidered to be a directly specialized or “orthogenetic” derivative of the 
Eusthenopteron stem. Indeed, Dr. Bobb Schaeffer, who has recently 
completed a most thorough point-by-point comparison of the various 
coelacanth skeletons, has come to the same conclusion. 

A little over two years ago when the newly discovered Latimeria was 
being discussed and figured in the newspapers and illustrated weeklies, 
the idea was expressed that a close study of this form might be expected 
to yield some evidence relating to the transitional stages from fishes to 
land-living vertebrates. But it has long been realized by students of 
the subject that the coelacanths became specialized in a direction far 
from that which led to the tetrapods. The coelacanths have indeed 
emphasized the limb-like features of their dorsal and anal fins and greatly 
enlarged the dermal rays of the tail, whereas the piscine ancestors of 
the tetrapods must have diminished and finally eliminated the dorsal, 
anal and caudal fins. 

Here it might be objected that since Eusthenopteron had already be¬ 
come specialized in the direction of the coelacanths, in so far as it had 
developed an early stage of the limb-like form of the dorsal and anal fins 
and had enlarged its caudal fin, it was by reason of these specializations 
automatically excluded from ancestry to the tetrapods. It must be 
admitted that this soil of reasoning is widely prevalent among sys- 
tematists in many fields, who have tacitly assumed that Dollo’s law of 
the irreversibility of evolution, besides meaning that an organ once lost 
can never be regained, has also been shown to imply that a specialization 
once acquired can never be lost. Hence the presence of any marked 
specialization is often taken as justifying some such frequently read re¬ 
mark as that “the form A is far too specialized to give rise to the group 
B.” But our experience leads us to the conclusion that such an exten¬ 
sion of Dollo’s law is an assumption that is often contradicted by the 
evidence. Of course there are many cases in which when a particular 
path leading to a high degree of specialization is once entered, it is 
followed to an extreme from which there is no turning backward. But 
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there are many other cases, abundantly well testified, in which even 
fairly high specializations have become retrogressive and finally elim¬ 
inated. Here may be cited the reduction and elimination of the lower 
tusk in the ancestors of the elephants, the loss of the upper tusks in the 
manatee, the remodelling of the specialized arboreal foot of the primitive 
phalangers into the differently specialized feet of the wombats and 
Diprotodon (Huxley, Dollo, Bensley). Among invertebrates we may 
cite the reduction and nearly complete elimination of already specialized 
shells in certain lines of cephalopods and gasteropods. 

That one system of specializations after a period of advance has re¬ 
ceded and finally disappeared, while another system became dominant, 
seems indeed to be a far more fiequent method of evolution than has 
often been appreciated. It is well illustrated in Dollo’s classic paper on 
“La phylogenie des Dipneustes” (1895), the main results of which have 
been accepted and confirmed by latei authors. Dollo showed that while 
the oldest known dipnoan, the Devonian genus Dipterus , was already 
specialized in the marked emphasis of the dermal rays of its dorsal, anal, 
and caudal fins, and in the distinction of these fins from each other, its 
descendants gradually reduced the differences between the several 
median fins, merged them into a continuous fin fold and reduced, and in 
some forms almost eliminated entirely, the once prominent scales and 
dermal rays. In brief, the fins which were so conspicuously specialized 
in the ancestral Di pier us were nearly eliminated in some of its descendants. 

So too we may well assume that in the typical rhipidistians the fins 
that were posterior to the paired fins were perhaps of even greater im¬ 
portance than the paired fins themselves, but when these already well- 
lunged creatures began to be stranded in drying-up pools, the incidence 
of selection upon mutation was reversed and the paired fins became 
stronger and more complex, while the 4 median fins declined even to the 
point of eventual disappearance. 

Strong but indirect evidence for this conclusion results from the ex¬ 
tremely detailed comparisons of the structure of the skull of rhipidistians 
on the one hand with that of the earliest labyrinthodonts on the other, by 
Watson, Save-Soderbergh, Homer, Westoll, and others; all of which 
points at least to the close relation of the tetrapod with the rhipidistian 
stem. 

The one conspicuous specialization which in the opinion of most 
authors excludes all the known rhipidistians from direct ancestry to the 
tetrapods is the presence on the top of their skulls of a transverse crease 
immediately behind the so-called frontals, which permitted the anterior 
part of the head to be tilted upward when the jaws were opened. Even 
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in the new edition of Parker and Haswell, volume 2, which has been so 
excellently revised by 0. Forster Cooper, we read that .. in all Cros- 
sopterygii there is a line running transversely across the skull between 
the frontal and parietal bones which divides it into two portions. This 
feature alone would prevent any known crossoptcrygian from being 
regarded as ancestral either to the dipnoan or tetrapod lines.” 

To the contrary, as it seems to us, in view of the great number of de¬ 
tailed agreements in structure between Eudhenopteron and the primi¬ 
tive labyrinthodonts, the evidence clearly indicates that during the 
period of profound reorganization, from water-living to land-living 
habits, the fore part of the skull became closely appressed to the rear 
part and gradually lost its mobility as the two morphologically distinct 
parts became integrated into a single syncranium. 

In short the collective researches of the past three decades have, in our 
judgment, greatly strengthened the evidence for the derivation of at 
least the labyrinthodont tetrapods from the rhipidist stem, and possibly 
even from a close relative of Eudhenopteron. 



PART III 


ON THE TRANSFORMATION OF PECTORAL AND PELVIC 
PADDLES OF EUSTHENOPTERON TYPE INTO 
PENTADACTYLATE LIMBS 

Some recent fishes can use their paired fins as limbs. Periophthalmus, 
the mud-skipper, a highly specialized telcost, is such a fish. However, it 
uses only its pectoral fins and these in conjunction with a springing action 
of the tail. 

PolypteruSj the well-known African form, also uses its pectoral fins to 
assist it through the mud, as well as for swimming. 

Ceratodus , the Australian lung-fish, uses its pectoral and pelvic fins 
to help propel it on muddy bottoms, although they are incapable of 
supporting the animal. Eusthenopteron also presumably made use of its 
fins as paddles and supports. 

The well-known figure by Klaatsch shows the pectoral limb of Polyp - 
terus compared with that of an amphibian. However, these are not 
really homologous views, since in order to get in its present position the 
amphibian limb has turned over to form an elbow, whereas the pectoral 
limb of Polypterus is simply bent forward. Consequently it is resting with 
the extensor surface instead of its flexor surface applied to the ground. 

The diagram of Romer and Byrne (1931: fig. 6) shows very well the 
probable stages in the postural changes undergone during the evolution 
of the pectoral appendage (figure 16). Their figure “A” shows the 
position assumed by the pectoral fins in such forms as Ceratodus and 
Polypterus. The ventral surface is turned outward, not inward; the 
preaxial margin is dorsal, not ventral. To bring the ventral surface in 
contact with the ground a sharp twisting of the entire limb is necessary, 
as shown in “B,” resulting in the tetrapod elbow joint. Once this has 
been accomplished, little further adjustment is necessary to bring the 
manus into its definitive position—“C.” This manner of twisting was a 
very important feature, as Romer pointed out. 

Studies on the innervation of the pectoral limb of vertebrates, from 
fish to man, have shown that the nerves closer to the head supply the 
preaxial border of the fin or limb and that those more caudally placed 
innervate the postaxial border of the fin or limb and that all these nerves 
have dorsal and ventral divisions. The dorsal divisions innervate the 
muscles and skin on the primitive dorsal or extensor surface of the limb 
and the ventral divisions innervate the muscles and skin on the ventral 
or flexor aspect of the fin or limb (Howell). Figure 17 from Gregory 

(313) 
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Figubb 16. ''Probable stages [Romer and Byrne] in tlie postural changes undergone during the evo¬ 
lution of the pectoral appendage ... In A. is shown the position assumed by the pectoral fin in such 
forms as Ceratodua and Polypterus . Here, in contrast with the pelvic fin, the ventral surface is turned 
outward, not inward, the preaxiai margin is dorsal, not ventral, as in the pelvic fin . . . To bring the 
ventral surface in contact with the ground a sharp twisting of the entire limb is necessary (B), resulting 
in the tetrapod elbow joint. Once this has been accomplished, little further adjustment is necessary 
to bring the manus into its definitive position (C). M (Romer & Byrne 1981: 36, fig. 6.) 




Figubb 17. Two possible modes of twisting of the pectoral and pelvic limbs. A. Palmar surface of 
the future hind limb turned outward, .first digit uppermost. Subsequent rotation of limb in direction 
of arrow. B. Palmar surface turned inward, first digit, on ventral border. Subsequent movement of 
limb in direction of arrow. C. Primitive tetrapod position, with first digit on inner side and short fifth 
digit on outer side. (From Gregory 1928: fig. 8.) 

(1928: fig. 8) shows how the limb may be rotated so as to assume the 
tetrapod position. In “A” the limb is appressed to the side of the body 
with the first digit uppermost. “C” shows the same limb rotated for¬ 
ward so that the first digit is on the inside, nearest to the body. “B” 
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shows the limb approved to the body with the fifth digit uppermost. 
From this position if the arm is simply turned forward the resultant posi¬ 
tion would also be that shown in Figure “C.” Consequently, if we have 
the first digit uppermost with t.he palmar surface out and bend the limb 
forward so that the palmar surface comes in contact with the ground, or 
if we have the fifth digit uppermost and the palmar surface in toward the 
body and then rotate the limb forward so that the palmar surface comes 
in contact with the ground, the result will be as in Figure “C” in both 
cases. This diagram was designed to show two different ways in which 
a pectoral fin might be twisted into the tetrapod position but, as we now 
know, “A” and “B” actually show two successive phases in the rotation 
from “A” to “O.” In other words, “B” is an intermediate, not an 
alternative stage. 




Figure 18. "A. Usual interpretation of the orientation of the crossopterygian pectoral^fin* and 
identification of_ skeletal elements (simplified after Gregory 1928). B. Correct interpretation. H, 
humerus; R, radius; U, ulna; 1, 2, 3, 4, 5 t assumed order of digits.” (From Romer & Byrne 1931: fig. 9.) 


In Romcr’s diagram (figure 18) of the bones of the pectoral fin in 
Eusthenopteron, “A” shows Gregory’s interpretation of the elements. 
This, we believe now, correctly identifies the elements but did not cor¬ 
rectly rotate the fin in its change toward the tetrapod condition; con¬ 
sequently the extensor surface of the manus would have been applied to 
the ground. Romer, on the other hand, misidentified the radius, ulna 
and digits; consequently he placed in diagram “B” the mesomeral axis 
of the fin along its dorsal border which he regarded as originally preaxial. 
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This we now know to be incorrect from the reexamination of many fossil 
specimens and more comparative material. 

In the type specimen of Sauripterus (figure 19) the mesomeral axis 
can be clearly seen along the postaxial border of the fin. The preaxial 
border of the fin can be recognized by the stiffer marginal rays. 



Figure 10. Revised drawing of the pectoral girdle and paddle of Savripterus taylori Hall. X H- 
Note imprint of horny rays attached to bone a. 
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The outline of the fin of Sauripterus shows the method adopted by us 
for naming the bony segments of this type of limb. The mesomeral axis 
is labelled with capital letters, whereas the radials are represented by 
small letters, radial “a” being attached to mesomere “A”; radial “b” 
to mesomere “B,” etc. 

We find the most primitive conditions of the pectoral fins and girdles 
in such forms as Acanthodes, Ctenacanthus , and Cladoselache. The pec¬ 
toral fins (figure 20) of these three forms were all broad-based and the 




Eusthenopteron 



Tarpon 






mm* 


]'Acanthodes Ctenacanthus Cbdasekra 




Scapano7/jynchus 


Figure 20. Series showing pre- and postaxial borders ol the fin in fishes. Osteokpis, After Good¬ 
rich. Eusthenopteron. After Bryant. Ceratodus. After RabI, in part. Polypterus. After Good¬ 
rich, in part. Tarpon. From specimen. Acanthodes, After Watson. Ctenacanthus, After 
Moy-Thomas. Cladoselache, After Dean. Scapanorhynchus. From specimen. 


fins stood out more or less at right angles to the body. Osteolepis shows 
the beginning of a paddle-like fin. In the modem deep-sea shark, 
Scapanorhynchus, the base of the pectoral is narrow enough so that the 
preaxial border may be turned either up or down. When the preaxial 
border is raised we see the ventral or flexor surface of the fin. Polypterus 
and Ceratodus both habitually hold the preaxial border of the pectoral 
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fin up so that the flexor surface Is outward. Iiusthrnopieron, on the 
other hand, on the basis of a number of specimens, died with the pre- 
axial border of its fin turned downward. Thus the flexor aspect would 
be appressed to the side of the body. In all eases the mesomeral axis 
is on or near the postaxial border of the fin, whereas the radials extended 
toward the convex preaxial border. The tarpon and other isospondyls 
rest with the preaxial border of the pectoral fin directed downward but 
all the higher bony fishes have it directed upward. 

The question might be raised whether the “preaxial” border of fishes 
is truly equivalent to that of tetrapods. The evidence cited by anatom¬ 
ists, however (e.g., Howell), and verified by one of us seems to give an 
affirmative answer (figure 21). 

That we might better visualize the changes that took place in the 
evolution of these forms, one of us (H.C.R.) constructed a largo model 




Floras SI. t Primitive and later position of limbs in primitive amphibian, mammal-like reptile, 
monotreme, primitive primate (Sotharctui) and man. 
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(plates 4, 5) of the pectoral fin of Eudhenopteron that could be twisted, 
to which wires were attached to represent nerves. The model was first 
posed with the pectoral fin shown in the position in which it is usually 
held in sharks (plate 4); that is, with the mesomeral axis close to the 
body and the radials directed toward the preaxial border of the fin. 

In Eudhenopteron the preaxial border (plate 4B) must have been 
directed downward, for this is how it is preserved in a number of fossil 
specimens. The stiff rays represent the preaxial border of the fin, 
whereas a series of fine rays represent the postaxial border. 

Next (plate 5C) the model is put into the position taken by Polyp- 
terus ancl Ceratodus when they arc at rest. 

In the final stage (plate 5D) in the transformation from fish to tet- 
rapod there is a sharp bend in the fin at the shoulder and then another 
to form an elbow join!. The first mesomere (“A”) is equivalent to 
the humerus. 

The second mesomere (“B”) equals the ulna and the first radial (“a’ 7 ) 
becomes the radius. The remaining elements become carpals, whereas 
the metacarpals and phalanges are formed later as new distal digital 
outgrowths (See below, p. 323). 

Homer forgot to twist the pectoral fin of Eudhenopteron so that the 
first radial (“a”) would be dorsal. He supposes in his figure 9B (figure 
18) that the processes on the mesomeres were on the preaxial border. In 
this point the evidence indicates the reverse. 

An important part of the general problem relates to the questions, 
when, how, and from what parts of the rhipidist paddle were the tetra- 
pod metacarpals (or metatarsals) and digits, derived? Previous theories 
(figures 22, 23) have selected either the fourth (Watson 1913) or the 
fifth digit (Holmgren 1939: 93) of tetrapods as the lineal descendant of 
the mesomeral axis of the rhipidist paddle, which in such diagrams is 
always shown with a straight axis and branching rays. In 1935 one of us 
(Gregory 1935: figs. 3, 4) suggested (figure 24) that as the elbow bend 
was formed the second mesomere became elongated to give rise to the 
ulna and that consequently the more distal mesomeres were turned to¬ 
ward, and crowded into contact with, the remaining radials. It is the 
oblique twist of the mesomeral axis and the transformation of its 
mesomeres into intermedium, centrale 1, 2, which has conditioned the 
oblique arrangement of the carpals (tarsals) in the earliest known 
tetrapods. 

We wish now not only to reaffirm the foregoing interpretation of the 
morphologic data but to suggest that carpalia (tarsalia) 1-5, all the meta¬ 
carpals (metatarsals) and digits represent a proliferation of a distal- 
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♦ 

4 


Figure 22. "A. Diagram of the supposed primitive tetrapod limb. The dotted line from H to 4 
is the axis, the branch dotted lines ending in 1.2.8. represent preaxial, and that to 5 a postaxial, radii. 
H - humerus. U « ulna. R - radius. P » pisiform. U' = ulnare. I — intermedium. R 7 «= 
radiale. C 7 , C 7 \ C 7 ' 7 , — first, second and third centralia. D 7 - D, «* first to fifth distal carpals. B. 
Endoskeleton of the pectoral fin of Eiusthenopteron. A' - A 7 " = first to third axial elements. (From 
Watson 1918: figs. 1, 2.) 



Figure 28. Pectoral fin skeleton of Eusthcnoptcron foordi. (From Holmgren 1989 fig. 2.) 

postaxial marginal zone bordering the fleshy or muscular lobe of the 
paddle and located largely on its originally postaxial margin. In other 
words, the original skeleton of the rhipidist paddle is to be sought chiefly 
in the more proximal elements of the carpus (tarsus), while the carpalia 
(tarsalia), metacarpals (metatarsals) and digits were neomorphs, so to 
speak, that were developed when the paddles began to serve as legs. 
Moreover this fleshy or muscular lobe, containing the future extensor 
muscles on the old laterally-facing surface and the future flexors on 
the old medially-facing surface, grew distally as the limb buds became 
longer, while the dermal rays (lepidotrichia) became shorter and more 
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Figure 25. Suggested derivation of primitive amphibian appendage (C) from Eusthenopteron type 
(A) by passing through graphic intermediate (B). (B) In Eryops the cast of the skeleton of the foot has 

been sawed apart and the individual bones reassembled. 

delicate. Evidently the flexors and extensors did not grow peripherally 
as continuous masses but early became subdivided r&diately, so that the 
postaxial border of the paddle became emarginate or sinuate, the pro¬ 
jecting lobes giving rise to the digits. In short we are suggesting that 
the tetrapod earpals, metacarpals (metatarsals) and digits were the 
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product of what may be called a cligitiferous border on the postaxial 
side of the paddle. 

Upon reviewing the embryological evidence from recent amphibians 
analysed by Holmgren (1933, 1939), we find that our theoiy as set forth 
above agrees perfectly with his, except for his phylogenetic implications, 
which will bo discussed below. 

We agree with him also in the reduction and loss of the rhipidist 
radials (b, c, d) lying between the first radial (a=radius) and the fifth 
mesomere (E=centrale 2). 

The foregoing hypothesis evidently differs from that proposed by 
Broom (1913), who suggested (figure 26) that the digits grew out from 



Figure 20. "A fin representing the supposed pr e-Sauripterus stage. The elements are as in Saurip- 
terua without the specialisation. The elements shaded are those that will be lost when the appendage 
ceases to be a fin. H, Humerus; R, Radius; U, Ulna; i, Intermedium; p. Pisiform; r. Radiate; u f 
Ulnare.” (Broom 1913: 403, fig. 0.) 


the preaxial side. Broom's idea was suggested by the peculiar finger¬ 
like development and functions of some of the preaxial rays of the pec¬ 
toral fins of the sea-robin, or gurnard. But few fish could be more un¬ 
like the pro-tetrapods than these, especially in then fin skeletons. And 
whereas Broom offered no evidence at all that the pro-tetrapods did 
develop their limbs from a gurnard-like stage, we are submitting direct 
morphologic and phylogenetic evidence that the tetrapods were derived 
from the rhipidist stem and that all the bones of the carpals and tarsals 
of the primitive tetrapods may be satisfactorily accounted for approxi¬ 
mately as follows: 


FORE LIMB 


Rhipidist and postrhipidist (*) stages Primitive tetrapod 

I. Mesomeres and their distal buds 

First mesomere (A).Humerus 

Second mesomere (B).Ulna 

Third mesomere (C).Intermedium 

Fourth mesomere (D).Centrale proximale (C4> 

*Fifth mesomere (E).Centrale distale (C2) 
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II. Postaxial buds 
From second mesomere (B) 
From third mesomere (C). 


From fourth mesomere (I>). 

*From fifth mesomere (E). 

III. Preaxial radials 
First radial (a). 

Distal buds from (a). 

Second radial (b) and its distal buds 
Third radial (c) and its distal buds.. 
Fourth radial (d) and its distal buds 
Fifth radial (e) and its distal buds... 


Postminimus 

Ulnarc, carpale 5*, mtc. 5* and 
digit V* 

Carpale 4*, mtc. 4* and digit IV* 
Oentrale 3 

Carpale 3*, mtc. 3* and digit III* 
Carpale 2*, mtc. 2* and digit II* 

Radius 
Radiale 
i Centrale 1 
[ Prepollex 
. .Lost 
. .Lost 
. .Lost 

. .? Carpale 1, mtc. 1 and digit I 


HIND LIMB 


Rhipidist and postrhipidist (*) stages 

I. Mesomeres and their distal buds 

First mesomere (A). 

Second mesomere (B). 

Third mesomere (C). 

Fourth mesomere (D). 

*Fifth mesomere (E). 

II. Distal and/or postaxial buds 
From second mesomere (B = fibula) 

distal buds. 

From third mesomere (C= intermedium) 
postaxial buds. 

From fourth mesomere (D = centrale 
proximale). 


From fifth mesomere (E*=centrale distale).... 

III. Preaxial radials 

First radial (a) and its distal buds* iei,phx)... 

Second radial (b) and its distal buds. 

Third radial (c) and its distal buds. 

Fourth radial* (d) and its distal buds*. 


Primitive tetrapod 
( Trematops ) 


Femur 

Fibula 

Intermedium 
, Central proximale 
(navicular) 

Centrale distale 
(mediale 2) 

Fibulare*, postminimus* 

Tarsale 5* 

? Mts. V* and digit V* 

. ? Lost or fused with fibulare 
Tarsale 4*, mts. IV* and digit IV* 
Centrale, distale, fibulare* 
(Holmgren) 

Tarsale 3* 

Mts. Ill* and digit III* 

Tarsale 2* 

Mts. II* and digit II* 

? Tarsale 1*, mts. I* and digit I* 

. Tibia, tibiale* and prehallux* (y) 

.Lost 

.Lost 

.? Tarsale 1*. mts. I* and digit I* 
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Whether or not our theory of the derivation of the tetrapod carpals 
and tarsals bo a rough approximation to the facts, the foregoing tables 
reveal radical differences in the methods of naming the supposedly homol¬ 
ogous parts in rhipidist paddle and tetrapod limb. These differences 
arise first from the fact that even in the oldest known tetrapods the 
names of the carpals and tarsals are parts of a system in which the bones 
have been thought of as being arranged in transverse rows, as they are in 
mammals. As an example we have only to recall the names of the 
“proximal” row (radiale, intermedium, ulnare) and of the distal row 
(carpalia 1, 2, 3, 4, 5). The “centralia” did not fit well into this “trans¬ 
verse system” (figure 27). 

Our system of names, on the other hand, considers the skeleton of the 
tetrapod appendage to be derived from a rhipidist paddle (figure 25), 
in which the mesomeres, originally postaxial in position, become twisted 
toward the preaxial border in such a way that the more distal mesomeres 
(C, D, E) gave rise to the oblique row consisting of the intermedium 
and centralia 1, 2. 

As noted above, according to our theory the rhipidist paddle was bent 
and twisted so that the mesomeres (B, C, D, etc., and their radials, 
b, c, d, e, f) were pressed against the first radial (a) and its distal buds 
(a, ppx). Hence the tetrapod carpus (or tarsus) is divided into two very 
unequal parts, the first part consisting only of radiale and the so-called 
prepollex (prehallux), the second part including all the rema ining carpals, 
which collectively converge proximally toward the ulna (fibula). All 
the carpalia (tarsalia) 1-5 and their numbered digits (I-V), includin g 
the pollex (hallux) according to our theory (figures 25, 27, 28) arose 
from the digitiferous zone on the distal and postaxial margin of the 
rhipidist paddle and are thus analogous to some extent with the post¬ 
axial rods in the paddle of Ceratodus and with the embryonic tissue which 
gives rise to the digits (Steiner, Holmgren). We are aware that Brazier 
Howell (1935a) claims that there is no evidence for the existence of a 
prehallux (prepollex) in the ancestral tetrapod. But we also know that 
in the manus of Cope’s type of Eryops megacephalus (figure 27) there 
is a sharply marked articular surface on the distal end of the well pre¬ 
served proximal clement of the prepollex (=y of Holmgren). If 
prepollex is not permissible for the missing bone, we may compromise by 
calling it “prepollex” in quotes; but it seems well established that in the 
manus there was a preaxial series consisting of radius, radiale, and 
“prepollex” which was quite distinct from the rest of the manus, while 
in the pes the preaxial series consisted of the tibia, tibiale, the y-bone 
and “prehallux.” 
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Figure Z7. Forelimb of Eryopi. I'lcvoi surface with imphikian” name 9 of honei X 

From all the foregoing it is evident that if our theory be luio, the most 
conspicuous skeletal parts of the tetrapod appendages, which are the 
carpalia, metacarpals and phalanges, must have originated as a result of 
the proliferation of the “digitiferous zone” as defined above. In the 
rhipidist stage as we know it the distal ends of the flexor and extensor 
masses were separated both by the skeleton of the paddle and by the 
dermal rays. There is good reason to suppose that when the whole 
weight of the body came to rest upon the paddles, a sharp flexure line 
would be developed between the fin-ray web and the fleshy lobe. At 
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first the fin-ray web would have sufficient resiliency to serve as a spring, 
as is the case in the enlarged pectoral fins of the mud-skipping goby. 
But all the evidence suggests that in the post-iliipidist stage theie would 
be a rapid, genetically predetermined retrogression of the fin-rays, such 
as is known to have occurred in the Dipnoi. In this way the “digitifer- 
ous zone” would gradually be the locus of the converging stresses of the 
flexor and extensor mu faros; it would become the main zone of contact 
between the fin and the ground; as the musculai lobe extended peripher¬ 
ally it became subdivided into five emarginated projections from which 
the futuie carpals (tarsals), metacarpals (metataisals) and digits devel¬ 
oped; and as they developed they carried with them especially the 
tendons of the flexors and extensors, which are inscited in the terminal 
phalanges. The increase in number of phalanges is analogous with that 
which took place later in the paddles of such secondarily aquatic forms 
as ichthyosaurs, plesiosaurs, and whales. 

Meanwhile, we infer, the radials (b, c, d) in front of the mesomeral 
axis, which foim an imporiant part of the rhipidist fin, gradually 
atrophied. That there was an anisomerous growth (or emphasis) of 
certain parts of the appendage need cause no surprise in view of the 
radical transformation in the skull and in most of the other parts of the 
skeleton between the rhipidist and tetrapod stages. 

If this theory be true, the most primitive of the footprints of early 
tetrapods ought to be those in which the carpal or tarsal parts of the 
footprint arc large in proport ion to the digital parts. Such footprints 
have been named Nanopus maximus, Baropus, Agastopus, Parabaropus, 
etc. (Gilmore 1927). 




PART IV 


A NEW THEORY OF THE ORIGIN OF THE 
PELVIS OF TETRAPODS 

In the pelvic limb (figure 28) the transformation is less complicated 
than in the pectoial limb. The fin of necessity becomes narrow at the 
base so that it may swing, foiward. There is no twisting as in the pec¬ 
toral limb but merely a bending to foi in a knee and ankle joint. Romer’s 
figure 5 (figure 29) admirably illustrates what took place if we make 
allowances for the limb’s being attached much too high on the side of 
the body. The pelvic limbs to begin with are beneath the body and 



FibUKL 28 . Pelvis and pelvic appendages of* A. Kuslhinopteron, B. graphic intermediate, C. 
Trematops (pelws restored) 


zoom 
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Fig L he 29. "Diigiami Utter Kernel and Byrne) lUnilrating ftfprobablc change}L5Ho°tetraDSS 

‘reeTunnUdng ffi?Lmbonthl ground but'a ah fhetoot&M>>rd‘(BK^TUe proper oree^ta- 
UoncftKot has been accompl.ehed (C, D) by a marked rotation of the tarsal and 
which, it baa been suggested, would account tor many of the structures and structural tendencies sc 
in the primitive tetrapod pelvic limb.” (Romer & Byrne 1931: 34, fig. 5.) 


already in an efficient position. “A” shows the pelvic fin with its doisal 
aspect exposed and its flexor surface appressed to the body. “B” shows 
the development of knee and ankle. “C” and “D” show the accomplish¬ 
ment of the tetrapod position. When this tetrapod position is finally 
acquired the bends in the fore and hind limbs are in opposite directions, 
the knee pointing forward and outward and the elbow pointing back¬ 
ward and outward. 

Romer’s figure 7 (figure 30) illustrates the contrast in posture be- 



Fiqcbe 30. "Diagrammatic section to illustrate the contrast in posture between the pectoral and 
pelvic fins in fish. A. Pectoral fin ... The position of the ventral (flexor) and dorsal (extensor) muscle 

r • ! l-_it _ j_il^i. _ii_-_Th* nfftftTial mar inn 
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tween the pectoral and pelvic fins in a fish. In the pectoral fin the ven¬ 
tral or flexor muscle mass is directed ventrolaterally. In the pelvic limb 
it is directed vcntromedially. In the pectoral limb the dorsal or ex¬ 
tensor mass is dorsomodial and in the pelvic fin the extensor mass is 
dorsolateral. 

A dissection of Megahchthys (figure 31), one of Cope’s specimens from 
the Permian of Texas, shows that the pelvic fin was even more limb-like 
than in Euxthenopteron. What we interpret to be the pelvis is a simple 



Figure 31. Part of type of Mcgalichthys nitidus (Cope) with dissection of the pelvic base and ap¬ 
pendage. X l. 
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broad rod (“A”). The distal end of the pelvic rod shows an acetabulum 
directed caudally. 

In the pelvic limb it will be seen that the mesomeral axis is on the 
postaxial border of the fin, just as in the pectoral fin. The first mesomere 
(“A”) becomes the femur; “B” becomes the fibula; the first radial (“a”) 
becomes the tibia. With the aid of the remarkable specimen (figure 13) 
collected by Dr. Horace E. Wood, 2nd, it has been possible to understand 
the evolution of the pelvis much more clearly than ever before. In the 
pelvis of Eu&thenopteron the acetabulum is on the posterior border; 
there is a long pubo-ischiadic plate and just the beginning of an iliac pro¬ 
cess rises from this plate. The mere presence of an iliac process is 
evidence that its possessor had need to raise the limb, for the iliac 
process would be in an appropriate position to serve as the point of 
origin for levator muscles inserting on the fin. 

The probable changes (figure 32) which must have taken place between 
this crossopterygian fish and a palaeozoic amphibian involved first a 
shift in the position of the acetabulum so that it faced laterally and was 
at the center of a triradiate bony structure in order that the limb might 
be drawn forward, backward and upward. The extension of the 
ischium backward clearly indicates the power that could be exerted to 
pull the limb back, thus propelling the body forward. 

Thus according to present evidence the primitive tetrapod pelvis arose 
from the following changes: 

(1) The first changes, as noted above, were the shifting of the acetabu¬ 
lum from the posterior end to the lateral surface (figure 33), the corre¬ 
lated caudad elongation of the ischial process and the dorsad extension 
of the iliac process. 

(2) The dorsal prong of the ilium, extending upward into the axial 
musculature, caused, or at least made possible, the separation of that 
musculature into iliocostalis and iliocaudalis parts. Thus the pelvis, 
originally a structure of no direct importance, in the lateral flexure of the 
body became a fulcrum for the alternate lateral swings of the presacral 
and postsacral parts. 

(3) The fulcra! effect of the opposite ilia was increased finally to a 
maximum degree by the mutual interaction and, as it were, attraction 
between the up-growing medial sides of the ilia and the down-growing 
lateral surfaces of the future sacral ribs. However, the development of 
a fairly firm connection between the pelvis and the vertebral column by 
way of the sacral ribs was a later phase of evolution, as to which we have 
abundant evidence in the tetrapods of late Palaeozoic and early Meso¬ 
zoic eras. 
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Figure S3. Suggested series, showing probable changes in ilium, ischium, pubis, from fish to 
tetrapod. A. Eusflienopteron , B C. graphic intermediates, and D. primitive amphibian, essentially 
Diplovertebron. 


(4) The evidence suggests that long before the sacro-iliac connection 
became important, the opposite halves of the pelvis (ossa innominata) 
had gained mutual support by strengthening and enlarging the symphy¬ 
sis pubis. All the early tetrapods, so far as known, had already attained 
the stage with a strong symphysis pubis; but in not a few of them the 
ischial portions of the pubo-ischiadic bones were still divergent poster- 




Figube 8S. A. Pehic appendage of Polypteriu , directed backward; B. Euaikenopteron % restored, 
C. Pelvis and femora of Eryopt, ventral view, showing acetabula on lateral surfaces of pelvis. 



GREGORY AND RAVEN PAIRED FINS AND LIMBS 335 

iorly. The ischial symphysis then developed as the opposite ischia grew 
wider, with the increase in hulk of the retractor (obturator) muscles of 
the femora. 

(5) As the rhipidist paddle grew and transformed itself into the 
tetrapod limb we may faiily suppose that the embryonic limb bud be¬ 
came moie and more potent as an organizing center, influencing not only 
its own constituent parts but also the genetically related pelvic bones. 
Ot the constituent parts of the limb bud it seems probable that the most 
important, in terms of their influence upon the pelvic bones, would be 
the opposite femora and the muscle masses by which the femora were 
surrounded. Or, to put it the other way around, there was a mutual 
'‘action, reaction, and interaction” between the pelvic bones and the 
limb bones. 

In a far earlier stage the pelvic bones themselves had originated as 
liases for the appendages. At first they were simply processes growing 
forward from the base of the fin; in the rhipidist stage they had developed 
two branches in front of the acetabulum, a long anterior branch, the 
future pubis, and presumably a very short medial branch, the future 
ischium; as the limb bud shifted laterally a dorsal branch, the ilium, 
arose, as noted above (figure 32). Thus we have each innommate bone 
potentially tripartite, but how did it actually become divided into three 
parts by a tnradiate suture centering in the middle of the acetabulum? 
From the tripartite construction of each innominate bone and from the 
triradiate form of their sutural juncture in tetrapods it follows that each 
of these bones may be viewed as analogous with a diaphysis if the other 
two are thought of as epiphyses, but we are not sure that this is anything 
more than a morphological metaphor. Again, we may think of each of 
these bones as solving in turn as a keystone for an arch formed by the 
other two, the whole forming a system of three trusses with a common 
center. In like manner it is easy to conceive the primitive ilium, as 
least in its lateral aspect, as resisting the resultants of the thrusts from 
the femur by muscles acting respectively from the anterior and posterior 
divisions of the pubo-ischiadic plate; the pubis, moreover, is tied to the 
abdominal muscles in front, while the ischium is tied to the ventral 
caudal muscles behind. In short, after the tripartite innominate bone 
had attained its commanding strategic position it is easy enough to see 
various ways in which its triune nature and its tripartite construction 
were mutually advantageous and even necessary, both to each other and 
to the entire economy. But with reference to figure 32 exactly what 
were the intermediate stages in the evolution of the triradiate suture 
between A and D? 
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In order to encourage further morphologic* research on this problem 
wc propose the following trial hypotheses: 

(1) That, by analogy with the better known history of the pectoral 
girdle, the first part to become emancipated was the ilium, which may 
have arisen possibly as an apophyseal knob above the acetabulum, pari 
passu with the increase of the m. extensor femoris. By subsequent 
growth this iliac “apophysis” extended its sutural boundary downward 
into the dorsal third of the acetabulum. Thus we would have a division 
into one dorsal branch, the ilium, and a single ventral base, the pubo- 
ischiadic plate, corresponding to the undivided coracoid of the primitive 
tetrapods. Again by analogy, the apparently sudden division of the 
ventral plate into two subequal parts was no major morphological 
achievement since it evidently did occur when the single coracoid of the 
primitive cotylosaurs became subdivided into the anterior and posterior 
coracoids of the pelycosaurs and therapsids. This hypothesis supposes 
a gradual upgrowth of the ilium and a rather sudden subdivision of the 
ventral plate into pubis and ischium. 

(2) Our second and preferred trial hypothesis (figure 32) supposes 
that near the caudal end of the pubo-iscliiadic plate of the ancestral 
rhipidist two rapidly growing and at first subequal processes developed: 
the first grew medially from the acetabulum, forming the ischium; the 
second grew dorsolaterally from the acetabulum, forming the ilium. 
Both these processes were analogous with such apophyses as the great 
trochanter of the femur, or the greater tuberosity of the humerus, and 
their sutural contacts, together with that of the remaining “shaft” of the 
bone (= pubis) all met in the acetabular depression. As the acetabulum 
travelled onto the lateral surface of the pubo-isehiadic plate, it carried 
with it all three of its primary contacts (with the pubis in front, the iliac 
epiphysis above, and the ischial epiphysis posteriorly). In other words, 
the sutures stayed in the acetabulum and as the ilium and ischium 
(which were, so to speak, offsets from the parent pelvic rod) grew larger, 
the areas bounding the iliac and ischial portions of the acetabulum grew 
larger at the expense of their parent; the sutural contacts merely em¬ 
phasized the triradiate character which had been potentially present as 
soon as the iliac and ischial apophyses developed. 

DISCUSSION AND SUMMARY 

The most general conclusion in Part I is that the already known groups 
of Palaeozoic chordates when considered collectively afford the broad 
outline of the evolution of the girdles and paired appendages, just as they 
do of the evolution of the oralo-branchial skeleton, dentigerous jaw 
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plates, circumorbital, temporal, opercular, and skull roof bones, as well 
as of the endocranium. This conception does not neglect the phylo¬ 
genetic and taxonomic results already worked out by specialists in each 
group. On the contrary, the degree of validity of the present conclusions 
depends upon the accuracy of our evaluation of those results. Thus the 
phylogenetic-taxonomic discovery by Heintz (1931a) that the, at first 
sight, highly specialized, large-spined acanthaspids stand at or at least 
quite close to the base of the arthrodiran stem, supports our general im¬ 
pression from much other material that not a few forms which have been 
used by systematists as the bases for “new” subclasses, orders, sub¬ 
orders, families, etc., eventually turn out to be the possessors of what we 
may perhaps paradoxically call “primitive or stem specializations.” 

Secondly, the consistent application of the hypothesis of Homer Smith 
that the well-armored state of Palaeozoic agnathous and gnathostomal 
fishes may be another relatively primitive condition, has led to conclu¬ 
sions which may prove somewhat shocking to confirmed taxonomists of 
the modern “splitter” type. Here are to be listed the following ideas: 

(1) That the pteraspid ostracoderms, with well-armored cephalo- 
thorax, instead of being aberrantly specialized, are really amazingly 
primitive fishes; that from their cephalo-thoracic shield, or from some¬ 
thing that was fundamentally like it, were derived the dermocranium 
and the dermal pectoral girdle of all later fishes (p. 276). 

(2) In the evolution of pectoral fins the exoskeletal parts of the primi¬ 
tive fin projections, including spines and dermal rays of various types, to 
some extent preceded the development of radial rods; and the condition 
in Cladoselache , in which the radials extend almost to the outer edge of 
the fin web, is hardly more primitive than it is in modem rays (p. 282). 

(3) That the “tribasic” pectoral, with fan-like base, already recorded 
in representatives of the acanthodians, stegoselachians, and primitive 
elasmobranchs, is the primitive type for all gnathostome fishes, including 
the rhipidists, and thus eventually for tetrapods (p. 283). 

(4) That the so-called cartilaginous shoulder-girdle is not the equiva¬ 
lent of the transverse septum of cephalaspids but merely a medial pro¬ 
cess of the basal cartilages of the pectoral fin, just as the pelvic rods 
represent medial processes from the base of the pelvic fin (pp. 283, 284). 

(5) That the conical form of both the pectoral and pelvic cartilages 
was due to their being surrounded by concentric metameric muscles 
(p. 282). 

(6) While the endoskeleton of the pectoral girdle is an ingrowth from 
the base of the fin, the dermal girdle is a remnant of the thoracic armor, 
and the progressive reduction of the carapace and plastron of Arthrodira, 
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as described by Hointz, affords at least a broad parallel to the way in 
which the dermal girdles of acanthodians and of Osteichthyes probably 
arose (p. 278). 

(7) In reviewing the types of paired-fin skeletons found among the 
elasmobranchs it was noted that both extremes, the orthostichous or 
long-based type with but slight axillary incisure, and the mesorhachic or 
narrow-based type with deep axial incisure and jointed central axis, are 
found within the limits of this one class, whereas among the teleostoma- 
tous fishes the mesorhachic and rhipidistial type occurs only among the 
Choanata (Crossopterygii plus Dipnoi), while the orthostichous form is 
limited to the pelvic fins of the Chondrostei (p. 285). 

(8) Nevertheless it was also suggested that the rhipidistial pectoral of 
Eusthenopteroyi may have been derived from a primitive tribasic, mul- 
tiradial type by the loss of the propterygium and mesopterygium and by 
the virtual capture of the mcsopterygial radials by the dominant metap- 
terygial, the latter forming the “mesomeres” A, B, C, D, etc, (p. 287). 

(9) In Part II the new restoration of the skeleton of Eusthenopteron , 
based on a considerable range of material, suggests a swift-darting, 
predaceous fish somewhat salmon-like but with a Polypterus- like head, 
very large triple caudal fin with rod-like, not fan-like, hypurals; two 
paddle-like dorsal fins and a paddle-like anal fin; pectoral and pelvic 
paddles essentially similar but pectorals larger than pel vies; both with 
stout fleshy lobe containing three or four mesomeres and as many radials, 
the latter being directed toward the convex anterior or preaxial border 
(p. 305). 

(10) With regard to the possible derivation of Eusthenopteron it is 
assumed that it was at least a structural derivative of Osteolepis , which 
was the more primitive of the two in at least seven important features. 

(11) The nearest relative of Eusthenopteron is the more or less con¬ 
temporary genus Tristichopterus, which was, however, less advanced in 
the development of the triple caudal fin (p. 309). 

(12) The claims of Eusthenopteron to be considered ancestral to the 
coelacanths are regarded as well founded; but we should not on that 
account exclude it from possible ancestry also to the tetrapod stem 
(p. 310). 

(13) The presence of specialized, almost limb-like second dorsal and 
anal fins in Eusthenopteron might be regarded by many authors as a sign 
of aberrant specialization which would debar such a form from ancestiy 
to the tetrapods, since no known tetrapod bears any traces of such struc¬ 
tures. The present authors, on the other hand, accepting the evidence 
that, in respect to the structural patterns of the skull, jaws, teeth, 
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vertebrae, girdles, and paired appendages, Eusthenopteron is well fitted 
to give rise to the tetrapods, suppose also that during the transitional, 
incipiently amphibious stage, the emphasis of selection was shifted from 
the median fins to the paired fins, with resultant diminution and final 
elimination of the former, as shown by Dollo to have been the course of 
events in the phylogeny of the Dipnoi (p. 327). 

(14) In Part III the authors return to their attack upon the problem 
of the detailed changes in the skeleton of the paired paddles during the 
period of transformation from a Eusthenopteron- like stage to the primi¬ 
tive tetrapod stage. The construction of a large flexible model has made 
it possible to pose the Eusthenopteron pectoral paddle in four successive 
positions: (1) the “shark position,” with the preaxial border in a nearly 
horizontal position; (2) the “Eudhenoptwon position/' with the preaxial 
border directed downward; (3) the ^Polypterus and Ceratodus position/' 
with the preaxial border twisted into a dorsal position; (4) the “tetrapod 
position/' derived from (3) by (a) bending the distal part of the fleshy 
lobe and fin outward to form an elbow joint, (b) twisting the distal half 
so that the preaxial border is brought around toward the midline of the 
body, (c) bending the distal half on its future extensor side to form a 
wrist (p. 318). 

(15) The authors confirm the results summarized by Homer and 
Byrne (1931) which mean in essence that the flexor surface of the pectoral 
appendage of tetrapods was derived from that surface of the paddle in 
J Eusthenopteron which was on the lateral or outer surface when the pre¬ 
axial margin was dorsal in position (p. 314). 

(16) They also agree with Homer that the elbow bend brought this 
lateral flexor surface so that it faced downward; when the digits devel¬ 
oped, at a later period, the first digit was thus carried around to the 
medial side and the footprint faced forward (p. 314). 

(17) They disagree with Homer only in the identification of the pre¬ 
axial border in terms of the bones of the forearm, since they equate the 
tetrapod radius with the first paramere or radial (a), whereas Homer 
equates it with the second mesomere (B). They explain this contradic¬ 
tion as being the result of Homer’s forgetting to twist the Eusthenopteron 
fin on its glenoid socket so as to bring the first radial (a) from the ventral 
(where it is usually found) to the dorsal position, as it is in Polypterus 
and Ceratodus (p. 319). 

(18) It is suggested that as the elbow and wrist bends were being 
established differential growth occurred among the various bones; the 
rapid elongation of the second mesomere (B) caused the bones distal to 
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it (C, D, E, b, c) to bo swung over toward the proaxial side so that they 
wore crowded against the enlarged radial (a) (p. 322). 

(19) The record of the foregoing change is to be found in the hitherto 
unexplained fact that in the earliest tetrapods all the carpal elements 
(except those that are in line with the radius) converge toward the 
postaxial ulna (p. 326). 

(20) The known bones in the pectoral paddle of Eusthenopteron equal, 
or nearly equal, in number the carpal bones of the primitive tetrapod but 
there are not nearly enough bones in either Eusthenopteron or Sauripterus 
to give rise to the carpals plus motaoarpals, plus phalanges of primitive 
pentadactylate tetrapods (p. 322). 

(21) Partly in order to account for the larger number of bones in the 
primitive tetrapod manus, Holmgren (1939: 95-102) assumes that the 
tetrapod must have been derived not from Eusthenopteron but from a 
shark-like predecessor with many branches in the intermedium-centrale 
complex. According to this concept the Eusthenopteron type of fin has 
suffered reduction in the number of branches in the intermedium region 
(our radial b) which debars it from ancestry to the tetrapods. We, on 
the contrary, assuming as valid the evidence that the tetrapod skull has 
been derived from a rhipidist stage, see no necessity for denying to the 
pro-tetrapod descendants of the Eusthenopteron stock the ability both 
to produce new centres of ossification and to reduce and eliminate old 
ones (pp. 322, 323). 

(22) The demand that the remote pro-tetrapod ancestors must already 
show the same or a greater number of bones in the pectoral paddles as do 
their highly evolved descendants appears to us as an excellent example of 
unwarranted extrapolation; it seems indeed like a survivor of the dis¬ 
credited emboUement theory; but we ascribe it to the prevalent fashion 
of over-extending the doctrine of irreversibility of evolution (p. 343). 

(23) While admitting that the rhipidist paddle eventually arose from 
a shark-like type with a four-join ted mesomeral metapterygium and 
numerous radials, the evidence suggests to us that during the post- 
rhipidist, pro-tetrapod stage there arose a digitiferous zone along the, 
by that time, curved mesomeral border, from which all the numbered 
digits (I-V), including the carpals, metacarpals, and phalanges, budded 
off. These extra buds, like the postaxial radials of dipnoans, arose de 
novo from the distal extremities or postaxial borders of mesomeres E, D, 
C, giving rise respectively to carpals, metacarpals, and digits I, II, III, 
IV, Y. The radial series (a, ax, a 2 ) was not one of the numbered digits 
but gave rise to the radiale, “y” centrale, and “prepollex.” Nor should 
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we forget the diminution and eventual elimination of preaxial radials 
b and c, and their distal buds (pp. 322, 327). 

(24) In the pro-tetrapods the above named process of budding gave 
rise at first to the phalangeal formula, 2, 2, 3, 2, 2-0 which is retained in 
early Amphibia; a somewhat later phase of the same process gave rise 
to the formula, 2, 3, 4, 5, 3, of primitive reptiles. The mammalian 
formula, as shown by Broom, arose by reduction and eventual loss of one 
phalanx in the third and of two in the fourth digit. 

(25) That the digits (including the carpals and metacarpals) of tetrapods 
are directly derivable from the radial rods of sharks appears to us im¬ 
probable, partly from the fact that the digital muscles of the more primi¬ 
tive tetrapods are fan-like subdivisions and extensions of muscle masses 
that spring from the humerus, forearm, and carpus respectively, much as 
they do in Polypterus } and that comparison with shark muscles can best 
be effected through the intervention of a Polypterus -like or rhipidistian 
stage. 

(26) While the digitiferous zone was giving off the future carpals, 
metacarpals, and phalanges, the flexor and extensor muscle masses were 
developing peripherally, subdividing into a fan with sinuate digitate 
border. Meanwhile the dermal rays were fading away much as they 
did in the later dipnoans (pp. 320, 327). 

(27) We endorse the conclusion of Romer that in the pelvic limb there 
was at first no twisting, merely a bending at the future knee and a for¬ 
ward-drawing of the knee, keeping the mesomeral axis on the medial 
border (pp. 329, 330). 

(28) Although the total number of bones in the rhipidist pelvic paddle 
is equal, or nearly equal, to that in the hind limb of tetrapods, after ex¬ 
cluding the metatarsals and phalanges, yet there is good reason for 
inferring that two of the rhipidist radials (b, c) and their distal buds were 
eliminated, while the digitiferous zone along the distal postaxial border 
of the mesomeral axis gave rise to all the tetrapod tarsals, metatarsals, 
and digits I-V (p. 329). 

(29) The existence of a tibial series of several ossicles distal to the 
tibia (tibiale, “y,” and “prehallux”) has been confirmed in Trematops 
(B. Schaeffer) (p. 329). 

(30) All the numbered digits (I-V) converge toward the postaxial 
or mesomeral stem, as in the pectoral paddle (p. 329). 

(31) We may therefore assume that just as in the pectoral paddle the 
postaxial mesomeral series were swung over against the preaxial side, 
while the digitiferous zone arose on that distal postaxial part which, as 
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the dermal rays dwindled, was coming direelly into contact with the 
substrate (p. 329). 

(32) In Part IY the following new theory is proposed, relating to the 
origin of the tetrapod pelvis. 11 is assumed that the pelvic bones of 
osteichthyan fishes arose as a core to an inwardly-growing cone of meta- 
meric muscles that were wrapped around the bast 4 of the pelvic fins. By 
the time of the ancestral rhipidists these bony cores had already begun 
to grow forward toward the midline and had produced the anlage of the 
future os innominatum. In Eusthenopteron each os innominatum con¬ 
sisted of a rather long, somewhat decurved blade, pointed in front, with 
a convex anterodorsal rim and a slightly convex lateral or abductor sur¬ 
face. The acetabulum at the posterior end of the innominate bar faced 
posteriorly and slightly laterally. Above 4 the 4 acetabulum was a low 
backwardly-directod apophysis, which is assumed to bo the anlage of 
the future ilium (p. 333). 

It is further assumed that in young individuals this iliac apophysis 
formed an epiphysis on the dorsoposierior border of the acetabulum and 
that another epiphysis immediately mcdiopostcrior to the first was the 
anlage of the future ischium. The parent mass of the innominate bone 
gave rise to the pubis. As the paddles changed into limbs and the future 
femora (mesomere A) were drawn outward and forward, the acctabula 
shifted with the femora to the lateral surface of the pubes. Further 
development in the same direction brought a great hypertrophy of the 
two epiphyseal apophyses; the ilium growing dorsad to support the in¬ 
creasing extensor femoris, the ischium growing eaudally to support the 
growing adductor mass. In this way the hitherto puzzling triradiate 
suture of the tetrapod pelvis finds a reasonable 4 explanation (p. 334). 

(33) The foregoing theories of origin of the paired limbs and girdles 
differ from many of those hitherto put forward in the following general 
characteristics: 

(а) As far as possible they attempt to trace the evolution of the verte¬ 
brate paired appendages by the application of well-tested morphological 
precedents to known fossil forms. Thus they try to avoid the fallacy of 
u ignotum per 'ignotius ” which seems to be involved when the sequence 
afforded by known Agnatha, Placodermi, Crossopterygii, Labyrintho- 
dontia, Amphibia, is set aside, because, it is alleged, each known 
representative of these groups is “aberrantly specialized” in this or that 
particular feature. SauripteruSj for example, has been rejected as a 
near-ancestor to the tetrapods because its pectoral paddle is not suffi¬ 
ciently shark-like. 

(б) The habit of inventing new hypothetical orders rather than of 
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making full use of those which wo have has arisen, we maintain, through 
a misreading of the doctrine of the irreversibility of evolution and 
through a tendency to revert to the emboitement theory and to expect 
remote ancestors to display only those specializations which are found 
in greater degree in their descendants. We, on the other hand, maintain 
that the wholly new habit of using the paired appendages to support the 
weight of the body on land became possible only through a drastic revolu¬ 
tion in construction, with the loss of many ancient uniformities and the 
rise of such new and unexpected entities as the digitiferous zone on the 
margin of the rhipidist “fleshy lobe.” 
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Plate 1 

Figure 1. Smallest Eustherwpteron (A.M. 7687). Total length, 44 mm. 
Figure 2. Post-larval specimen (A.M. 7650). Total length, 64 mm. 
Figure 3. Caudal fin of young specimen (A.M. 7649). 
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Plate 2 

Vertebral column of EuUhenoptei on < V M 7653) Uppei half X 
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Plate 3 

Vertebral column of Ensthenopteron (A.M. 7653). Lower half. X ?' 3 . 
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Plate 4 

Enlaiged model of Eusthenopteion fin i Shaik position B Eusthenopteron 
osition 
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Plate 5 

Enlarged model of Eusthenopteron fin. C. Polypterus and Cerabdus position. 
D. Tetrapod position. 
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INTRODUCTION 


The use of psychometric methods in connection with clinical and re¬ 
search work in mental disorders, while increasing in extent, is greatly 
hampered because there have been insufficient data with regard to any 
one of these methods to permit interpretation of such results with any 
degree of assurance. In dealing with abnormal persons, a number of 
questions arise which cannot be answered by the accumulated data on 
children on whom most tests have been standardized, or even by data 
on normal adults when these are available, but which must be solved, at 
least in a general way, if test results are to be meaningful in my individ¬ 
ual case. 

In spite of the many and legitimate objections which can be raised 
with respect to the Stanford-Binet in use with adults, it has generally 
been the test of choice in the clinical situation because of the variety of 
tasks involved and the insight which it can afford to a trained examiner. 
It is particularly the trained and sensitive examiner, however, who has 
most appreciated the need for data which would make it possible to place 
an individual with regard to his own psychiatric classification as well as 
with regard to normal standards. Further, there have been few data on 
the relative significance of the individual items as indicators of departure 
from normality. 

In an attempt to find an answer to some of these problems, at least in 
terms of a first approximation, we embarked some years ago upon a 
study, concerned with groups rather than with individuals, the results of 
which are reported here. Our research includes an attempt to determine 
(a) the general test level of various diagnostic groups, and ( b) the relative 
performance of different groups on different types of tests (profiles). 
The latter type of analysis leads to the veiy fundamental question of 
whether there is any relation between functional change and type of dis¬ 
order. It is important to investigate fully the possibility of trends of 
cognitive change in my diagnostic group before the performance of an 
individual member of the group can be evaluated. If trends exist and 
can be discovered, the next logical step is the investigation of the signifi¬ 
cance of the presence or absence of conformity of the individual patient 
to the group. 

Once the performance in various groups has been established, it is 
possible to compare them with a normal group and with each other, as 
we have done here. These comparisons are valid in so far as there is no 
selective factor of importance other than that of the diagnosis; the groups 

( 367 ) 
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arc relatively equivalent so far as any other factors affecting mental level 
are concerned. For all piactical purposes it is necessary to demonstrate 
only that the groups are drawn from the same general population, i. e., 
the factors of age, education and social level must be considered; the 
age distributions in the different psychoses must bo kept in mind, also, 
as well as the varying effects of age on educational level. 

A consideration of great importance, and one frequently disregarded, 
is whether or not all tests of psychotics can legitimately be grouped to¬ 
gether, even within one diagnostic classification. When the problem at 
hand is simply the determination of what such a group, taken as a whole, 
does on examination, it is valid to use any results that can be obtained. 
But where the objective is the comparison of vaiious groups the situation 
is somewhat different. 

One of the first requisites in setting up any problem is a careful specifi¬ 
cation of the population, and in this investigation we were faced im¬ 
mediately with the question of whether to analyze the performances of 
our total psychotic groups or whether to split these into “representative” 
(R) and “non-representative” (n-R) groups and deal separately with 
each. These terms are used at the Worcester State Hospital, as else¬ 
where, to distinguish between examinations for which, on the one hand, 
the subject was sufficiently accessible and cooperative to make the ex¬ 
aminer feel that the obtained results gave a reasonably accurate picture 
of the patient’s functional level at the general period of the test, and 
which, on the other, the examiner felt did not do justice to the subject’s 
ability*. 

On the face of it, it would seem that to compare a psychotic group with 
an “unselected” normal group, we must use all the psychotic material 
available. However, although all of the subjects in the normal group 
cooperated freely, so that in each instance we were justified in consider¬ 
ing that our results were a close approximation to the capacity, or at 
least the ability, of that subjectf, not all of the patients would or could 
cooperate. In only a certain proportion of these cases, then, did we feel 
that we had an adequate measure of the subject’s ability at the time. 
Scores are affected by cooperation to an unknown extent, but coopera¬ 
tion is itself often related to the severity of the psychosis. If we include 
all cases, we have in many of the psychotic subjects a factor not present 
in any of the normals. If we exclude the non-cooperative, we exclude a 
considerable number of the severest cases, and hence somewhat prejudice 
our results in favor of the psychotics. Some preliminary investigation 

*The criteria by which this distinction is made are discussed more fully on pages S78-SSO 

tFor a discussion of capacity, ability, and achievement in psychosis, c/, Shakow & Huston (1936* 91) 
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of the problem of representativeness was thus indicated as necessary. 
The results of a study of this problem are reported on pages 378-395. 

In comparing the profiles of two diagnostic groups, recourse is some¬ 
times had to matching for intellectual level and any differences found in 
specific performances are then considered a direct result of the disease 
process and not a reflection of the general lowering. This procedure 
although valuable for certain purposes, is, however, open to serious 
objection. Though we know as yet comparatively little about the intra¬ 
individual relations of different functions, it is fairly clear that the inter¬ 
correlation of functions is not the same at all levels of general intelligence. 
In most instances of psychosis we do find changes in cognitive functions, 
generally a lowering of them. If, then, we are comparing the psychotic 
and non-psychotic, either we must take only those psychotics who do not 
show a lowering or whose original level was so high that deterioration 
does not bring them below average or we must compare psychotics and 
dull or feebleminded non-psychotics. In each instance we have a differ¬ 
ent selective factor in the two groups. It is, of course, entirely legiti¬ 
mate and illuminating to compare the feebleminded with psychotics in 
this fashion, but we cannot argue from this to any conclusions with 
respect to normal-psychotic comparisons. Comparing matched pairs 
from two psychotic groups is subject to the same criticism which can be 
applied to psychotic-normal comparisons—different types of psychosis 
may affect general intellectual functioning to different degrees, and we 
are in danger of comparing, for instance, the upper third of one diagnostic 
group with the middle or lower third of another. 

We have studied not only the profiles, but also the general level of 
these groups. Binet and Simon (1916) early observed, “It is almost an 
absolute rule that the insane undergo a lowering of level”. Previous 
work by others relates for the most part to comparisons between and 
among various diagnostic groups; there has not heretofore been available 
adequate material from normal adults for detailed comparisons. Hart 
and Spearman (1914) in a pioneer correlational study found in various 
types of psychoses (their numbers ran from 1 to 10, however) little 
damage of specific functions, but a marked general lowering of intel¬ 
lectual level. Rouvroy (1936) has discussed studies on mental tests 
with psychopaths in a critical paper which is not readily available. He 
concludes that we have no instrument adequate to determine accurately 
the quantitative and qualitative changes in intelligence which have been 
demonstrated to occur with the disordered. He points out quite cor¬ 
rectly that the total scores of different individuals on an omnibus test 
may be the same, and yet may indicate quite different things, the ele- 
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ments going into thorn being disproportinnately present. He considers 
two chief classes of items: automatised or habitual reactions, e.g., 
vocabulary, which ho believes scarcely affected in the psychotic, aud the 
ability to cope with new situations, which he believes to bo usually 
affected. Hunt (1936) covers most of the psychometric material for the 
period through 1934 in his inclusive survey of psychological work with 
abnormal subjects. His review gives a rather comprehensive general 
picture of what had been done to the date mentioned and a further survey 
need not be given here. For one reason or another, very few reports 
contain only material directly comparable to that of the present study. 
All relevant material from other investigations will therefore be discussed 
in connection with the presentation of particular sections of our own 
results. One general difference should be noted. In previous studies, 
“representativeness” of the test, results has, as a rule, been considered 
only indirectly; usually, if the examiner could obtain any results at all 
they were used. Comparisons between other studies and the present one 
are therefore almost always between groups including both representa¬ 
tive and non-representative examinations in our usage, and our repre¬ 
sentative groups. 

Our material will be presented for consideration under three general 
headings: (1) comparisons of representative and non-representative test 
performances within the various diagnostic groups; (2) comparisons be¬ 
tween our sample of a state hospital population, grouped by diagnosis, 
and a normal group and (3) comparisons between and among various 
diagnostic groups. 

DATA AND METHODS OF ANALYSIS 
Description of the Sample 

Our material consists of the results of Stanford-Binet (1916) examina¬ 
tions given to 827 patients at the Worcester State Hospital during the 
yearn 1929 to 1933. These comprise practically all of the Stanford-Binet 
examinations in this period with the exception of those given to patients 
who either had had a previous Stanford-Binet, or whose examination 
data did not permit practically complete item analysis. Throughout 
the compilation, cases were discarded whenever any serious question 
arose as to the validity of the data, as occasionally happened for diverse 
reasons. The Stanford-Binet as a rule is not given when there is a 
language handicap but among the cases presented here are included a 
few with moderate language difficulty and a few illiterates. 

Except for certain of the dementia praecox cases, the staff diagnosis 
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at the time of the test is the one used. Some of the dementia praecox 
cases, on special research, had been very extensively studied, and classi¬ 
fied more rigidly than others. These others were reconsidered in order 
to make more certain of a common classification. 

The diagnostic criteria arc the conventional ones and the likelihood of 
diagnostic error is probably not greater than at any other hospital of 
good standing, but cases in which staff disagreement on diagnosis was 
particularly marked are not included. There is certainly some over¬ 
lapping of diagnosis between groups generally, although the possibility 
of error is greater in some groups than in others, e.g., in the distinction 
between the two types of psychopathic personalities *. 

Each diagnostic group was subdivided into two groups according to 
whether the Stanford-Binet was considered representative or not. 
Factors affecting representativeness, as the term is used by us, are: 
effort, interest, confidence, temporary psychotic episodes, or emotional 
disturbances, physical illness or poor test conditions. General psychotic 
state, permanent physical disability, age, or language handicap do not 
affect the rating on representativeness. This distinction was not in¬ 
troduced at the hospital until 1930, so that for the earlier examination it 
was necessary to make the rating from the examiner’s description of the 
patient’s behavior which was, in practically all cases, available in the 
report. When this could not be done the case was omitted. Com¬ 
parisons between diagnostic groups and between these and normal sub¬ 
jects are made with representative groups. The non-representative 
groups arc used only for comparisons w T ith representative groups of the 
same diagnostic classifications and only w T hen they are of sufficient size 
for useful statistical comparison. 

Table 1 gives the number of cases by sex for each diagnostic group 
further subdivided into the representative (R) and non-representative 
(n-R) classifications. 

The selection of groups from our total hospital population needs dis¬ 
cussion since not all patients admitted to the hospital are referred for 
psychometric examination. Cases in which there is any question of 
feeblemindedness, cases sent by the court for observation and diagnosis, 
and all special research cases are almost always referred. For the rest, 
the matter is usually one for the decision of the psychiatrist in charge of 

•It should be noted that grouping by diagnosis imposes certain limitations upon the data at the outset 
which must be clearly understood. Age ranges, for example, are not the same for all psychoses.because 
of factors inherent in the psychosis itself. In some psychoses, the percent of non-representative tesla 
will be much greater than others. Furthermore, while the diagnostic criteria are by no means exact m 
any instance, they are much clearer in some than they are in others. 
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TarijH 1 

NuMBKlt OF CaHKH IN TUB Dl \(SNOSTI(* (iKOUPK 


General Paresis (GP)^. 

Chronic Alcoholism with Psychosis 

(CA+). 

Chronic Alcoholism without Psychosis 

(CA—). 

Acute Alcoholic Psychosis (AA). 

Feeblemindedness with Psychosis 

(FM+). 

Feeblemindedness without Psychosis 

(FM-). 

Paranoid D. P. (DPP). 

Hebephrenic D. P. (DPH). 

Catatonic D. P. (DPC). 

Simple D. P. (DPS). 

Unclassified D. P. (DPU). 

Manic-Depressive (MD). 

Psychopathic Personality with 

Psychosis (PP+). 

Psychopathic Personality without 

Psychosis (PP—). 

Paranoid Condition (PC). 

Psychoneurosis (PN). 

Without Psychosis (WP). 


Koprosontntivo 

Non-roprosoutativo 

M. 

(ID 

V. 

Total 

M. 

(n _ 
F. 

Total 

21 

11 

35 

20 

4 

24 

30 

0 

30 

30 

2 

12 

7 

5 

12 

2 

0 

2 

10 

1 

17 

6 

0 

6 

35 

25 

00 

10 

15 

25 

14 

13 

27 

3 

7 

10 

45 

13 

58 

25 

0 

31 

27 

5 

32 

24 

5 

29 

21 

9 

30 

24 

4 

28 

19 

3 

22 

7 1 

0 

7 

32 

0 

38 

19 

G 

25 

13 

0 

19 

9 

9 

18 

5 

17 

22 

5 

9 

14 

12 

9 

21 

3 

1 

4 

15 

7 

22 

5 

4 

9 

15 

21 

30 

4 

8 

12 

59 

13 

72 

12 

6 

18 

389 

1G1 

553 

188 

86 

274 


*These groups will occasionally be designated by the respective symbols in parentheses. 


the case and the number and typos of cases referred vary somewhat from 
one psychiatrist to another*. 

Comparing the several diagnostic groups—representative and non¬ 
representative—to the corresponding groups of hospital first admissions 
for 1929, 1930, and 1931 in which years the bulk of our cases fall, it 
appears that our groups average 0.3 to 8.5 years younger than these first 
admissions. The greatest differences are in the general paresis, without 
psychosis and paranoid condition groups. It is undoubtedly the case 
that the much older patients would be less likely to be referred for psy- 

oscJ 

Th. _____ 

some value lor comparative purposes. 




















ROE AND SIIAKOW: INTELLIGENCE IN MENTAL DISORDER 373 


chometric examination. Statistics for comparing education and occupa¬ 
tional levels of our groups with the total hospital population are not 
available. The somewhat younger age level in some groups would tend, 
in all probabilty, to make our groups slightly higher, if anything, on 
psychometric performance. This would mean that any normal-psy¬ 
chopathic discrepancies which appear in this analysis will be less than 
would be found if the total hospital group had been available. There 
seems no reason for believing any diagnostic group to be very differently 
selected from any other with respect to the total hospital population of 
that diagnosis (although undoubtedly the relative number's of each group 
referred for psychometric examination vary) so that the diagnostic 


Table 2 

Data on Auk, Education, and Occupation of Patient Population 



N j 

Range 

Mean & S.E. 

S.D. & S.E. 

Age R 

553 

10-68 

31.4 ±0.5 

11.1 ±0.3 

n-R 

274 

11-65 

31.1+0.6 

10.4 ±0.5 

Total 

827 

10-68 

31.3 ±0.4 

10.9 ±0.3 

Ed R 

534 

0-19 

7.9 ±0.2 

3.4 ±0.1 

n-R 

267 

0-17 

7.8 ±0.2 

3.4 ±0.2 

Total 

801 

0-19 

7.9 ±0.1 

3.4 ±0.1 


Occupation by Taussig Classes* 



R 

n- 

-R 

Total 

X 

% 

X 

% 

X 

% 

I Professional. 

14 

4 

6 

2 

i 20 

3 

II Semi-professional and Business. 

78 

20 

49 

17 

127 

19 

Ill Skilled labor. 

90 

24 

57 

20 

147 

22 

IV Semi-skilled labor. 

129 

34 

112 

39 

241 

36 

V Unskilled labor. 

68 

18 

62 

22 

130 

20 


379 


286 


665 



Unclassified 


School.I 44 

Housewives**.* 18 

No occupation.| 78 

OccuDation unknown*’*"’. 22 

162 

■"Where several occupations were listed, the highest was rated. 

■"■"Occupation of housewives before marriage was usually know n^ in which case ratings were made 
on this basis. Most of the women are classified in groups II and IV. 

■"■"*This may include some who are more properly classified under "no occupation.” 













374 


A\NAIJ< XFW YORK ACADEMY OF tiCWNCM 


groups may logilimafoly Ik* compared with each oilier. T\hlr 2 gives 
the data for ago, priueniion 1 , ami occupation of total representative, 
total non-representative, and total hospital group. There were 20 
patients below 11 years of ago. These data for the separate diagnostic 
groups are given in the appendix (Tuums 21) to 31). 

In the first tabulations, results for male and female patients wore kept 
separate. Although in a few instances, in the smaller groups, there were 
differences of some degree, on the whole the sexes gave very similar re¬ 
sults. As a result of this and the fact that in the normal group no signifi¬ 
cant sex differences were found, the sexes have boon combined and only 
the total group determinations used in the present analysis. 

•The figures fm education «ire number of jours of si booling completed, bused on tin* best infoimation 
obtainable. 

TmsIjH 3 

Dvtv on IIospitvl Ann* (in months) of tun PvrihNT PoinibvrioN 
\T TIIK TlMH OF TUB Rx \MIN \TlON 




Representative 


Non-repiohentntive 

Diagnosis 

N 

Range 

Mean 

Omitted 

Oases” 

N 

Range 

Mean 

Omitted Cases 




N 

Range 



N 

Range 

General Paresis 

33 

.5-15 

2.3 

2 

58.5 75.5 

21 

.5 5.5 

1.5 

1 

37 

Chr. Ale. with Psy. 
Chr. Ale. without 

26 

.5 5.5 

1.3 

3 

13.5 19.0 

11 

.5 -2 

1.1 

1 

38 

Psy. 

11 

.5-1.0 

.8 

1 

16 

7 

.5-1 

.8 

1 

18 

Acute Ale. Psy. 

15 

.5-1.5 

.8 

1 

72.5 






Feeble, with Psy... 
Feeble, without 

57 

.5-14.5 

1.2 

3 

19.5 293,5 

25 

.5 0.5 

1.0 

0 


Psy. 

21 

.5 2.5 

.8 

2 

32.5 39.5 

9 

.5 1.5 

.7 

0 


Paranoid DP.. . 

48 

.5 30 

2.8 

7 

57.5 188.5 

29 

.5 9 

1.9 

2 

53.5-62 

Hebephrenic DP 

28 

.5 18 

3.1 

1 

34 117 

23 

.5 15 

4.0 

0 

39.5-132.5 

Catatonic DP. .. 

30 

.5 14.5 

2.0 

1 

177 

27 

.5 19 

3.6 

1 

25.5 

Simple DP. 

19 

.5 11 

1.3 

2 

31 138 

3 

.5 1 

.7 

0 


Unclassified DP .. 

35 

.5-15 

2.6 

2 

136 251 

22 

.5 25 

3.0 

3 

83-96.5 

Total DP. 

161 

.5-30 

2.5 

17 

31 251 

101 

.5 21.5 

3.1 

11 

25.5-132.5 

Manic Depressive. 

18 

.5-7 

1.7 

1 

39.5 

16 

.5 10.5 

2.0 

2 

40.5-72 

Psy. Pers. withPby. 
Psy. Pers. without 

21 

.5-2.5 

.9 

2 

24-27 

11 

.5 1.5 

.7 

0 


Psy. 

Paranoid 

20 

.5-7.5 

1.1 

0 

.. .. 

4 

.5 

.5 

0 


Condition ... . 

21 

.5-1.5 

.8 

1 

107.5 

8 

.5-1.0 

.9 

1 

11 

Psychoneurosis... 

32 

.5-4 

.9 

2 

9-11 

12 

.5-3 

1.0 

0 


Without Psy. 

67 

.5 


1 

18.5 

18 

.5-2.5 

.8 

0 



♦Hospital age is the period beginning at time ol first hospitalisation, . . 

in all but a few of the group there were some cases vi ith hospital ages falling quite a distance outside 
t retribution of the great majority of the cases. These were omitted, because of their distorting 
effect, in computing the means for this table, but are given for purposes of completeness. 
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Table 3 gives the data on hospital age for the various groups, i.e., the 
length of time elapsing between first hospitalization and the date of 
examination. It will be seen that with relatively few exceptions (c/. data 
in columns headed ‘‘omitted cases”) our groups consist of patients who 
had been hospitalized for relatively short periods of time. The means 
in general ran below 3 months. 

Methods of Analysis 

These data, for purposes of comparison, were analyzed in three major 
ways: a) by mean scores on total Stanford-Binet, on vocabulary, on 
digits forwards and on digits backwards; b) by the separate items of each 
age level according to the number passing or failing the specific item"; 
c) by the classifications into which the items fall 4 '*. 

Differences in performance on individual items were analyzed by in¬ 
vestigating the association between the number passing and f ailin g the 
item in the compared groups. These chi-square computations were 
made in the usual way, except that, when, in any table, there were one or 
more cells with a frequency of less than 5, Yates’ correction was applied 
(Simpson & Roe 1939: 296). This gives a smaller value for chi-square 
than would otherwise be obtained. In the smaller groups this was often 
necessary; it occurred also in the larger groups when fewer than 5 passed 
or failed any item, i.e., at the upper and lower end of the scales, with 
some alternates which were rarely given, and also usually with item X-6, 
which also was rarely given. Graphs showing for a number of the groups 
the percent passing and failing each item are included in the comparisons. 

For the sake of consistency in the matter of a criterion of significance, 
the values of D/od obtained in comparing means are also expressed as 
values of P. We have followed the custom of interpreting a P of .02 or 
less as significant (the chances are 98 in 100 that the difference is not due 
to chance) and a P between .05 and .02 as of possible significance. This 
is, of course, less rigid in the case of the comparison of means than is the 
usual custom of considering only a D/cjd of 3 or more as significant. 
Values of D/cjd of 1.96 and 2.33 correspond to P values of .05 and .02 
respectively. (So long as the meaning of the particular criterion used is 
clear, there is no reason why any one may not be selected. From a cer¬ 
tain standpoint even these less stringent criteria are not entirely satis- 

•"All items below the basal age were considered as passed, all above the last year in wliich^ any tests 
were given, as failed. Omitted items are largely alternates and tests omitted on the few occasions when 
a short scale w as given. It occasionally happened that only one test would be passed at a particular year 
level and that in the next only a few had been given. Those not gn en were counted as omitted, eien 
though with normal subjects they would ha\ e bWn counted as failed. Percents were computed on the 
basis of the number actually attempting the item. 

**No measures of scatter were included in the present investigation since separate studies on this 
subject were under waj. One of these has already been published (Harris &. Shakow 1938 . 
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factory. Reference is to the fact that one may be led to neglect poten¬ 
tially important psychological trends which, for one reason or another, 
do not fall within the statistical limits set. For a study such as the 
present, however, which does not pretend to enter into the important 
problem of finer qualitative psychological differences, statistical limits 
seem the most reasonable.) 

The third type of analysis is by the classification into which the item 
falls. Some exposition of the system followed is needed. We realize 
that any such classification is open to criticism from numerous angles. 
So much of coherence can, however, be gained in this way when a set of 
such diverse items as is involved in the Stanford is under question, that 
wc feel that the advantages overweight the disadvantages. After pro¬ 
longed consideration the classification hero presented was anived at. 

The items in the Stanford-Binct appear with few exceptions to fall, 
insofar as their dominant character is concerned, into two major classes: 
learned material and thought . In the former, the task is primarily the 
recall in the test situation of material learned at some time preceding, to 
a greater or lesser extent, the request for recall. In the latter, the task 
set is one which involves carrying through a train of ideas to a conclusion. 

The learned material is of two primary types: remote and immediate. 
The first involves the recall of material learned through the course of the 
life experience which precedes the examination session. With few ex¬ 
ceptions this material may legitimately be considered as overlearned. 
This group may be further subdivided into items involving vocabulary 
and other kinds of remotely learned material. Examples of 
the latter are “days of the week” and “coins.” The second type of 
learned material—the immediate- -involves the recall of material first 
presented to the subject directly pi eroding the requested recall. This 
type includes such tests as “digit repetition,” both backwards and for¬ 
wards, and “memory for thought passage.” 

The material involving thought falls into two primary types: associative 
and conceptual. The first is concerned wit h the kind of thinking in which 
the conclusions are airived at by concrete associations. This type has 
been further subdivided into immediate and sustained. The former in¬ 
cludes those instances of associative thinking in which the conclusion 
comes directly and involves few consecutive associative steps. In the 
latter the associative course is longer and requires keeping in mind at the 
same time a related series of associations. The second type of thinking 
conceptual —involves the recognition and use of a general or abstract 
principle as a step in reaching the conclusion. Examples of immediate 
associative thinking are the comprehension items, and picture description 




XVI 1. Vocab. (65) 5. 6DB 4. Enel. box. 

7. Syll, (28) 6. Code 

1. Vocab. (75) 3. 8DP 2. Paper out. 

XVIII 4. Thought 6. Ingenuity 
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and interpretation. /Sustained associative thinking is exemplified by 
“dissected sentences” and “ingenuity”. “Differences” and “similari¬ 
ties”, “absurdities”, and “fables” are examples of conceptual thinking. 

The various types of items together with the symbols used for them 
are given in the following tabulation: 


T. Learned material: 

A. Remote 

1. Vocabulary.LRV 

2. Other.LRO 

B. Immediate.LI 

II. Thinking : 

A. Associative 

1. Immediate.TAX 

2. Sustained.TAS 

B. Conceptual.TC 


Table 4 gives the various test items from age VI through age XVIII 
classified according to this schema. A few items are omitted either be¬ 
cause they do not fit into this classification or because they have been 
little used in our study. 

In some instances additional data are available, ?.e., correlation co¬ 
efficients. Since the groups are small, those have been converted to 
values of z, (Simpson & Roe 1939:237) and these values are used in mak¬ 
ing the comparisons with the same criteria of significance as discussed 
above. 

REPRESENTATIVE AND NON-REPRESENTATIVE GROUPS 
The Concept of Representativeness 

We present first the results of the comparison of representative and 
non-representative groups in the same diagnostic class. As has been 
stated earlier, this distinction is one that is made routinely at Worcester. 
Some of the factors affecting representativeness are under the partial 
control of the subject, viz., effort, interest, and self-confidence. The 
others, almost entirely outside the subject’s control, arc of a relatively 
temporary kind: a psychotic episode (temporary manic, excited, or 
hallucinatory conditions), an emotional upset, physical handicap (loss 
of sensory aids such as glasses, etc.), passing physical illness (headache, 
etc.), fatigue, poor test conditions. 

The complex of effort, interest, and self-confidence are summed up in 
the general term of co-operativeness and are given a letter rating from 
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A to E*; to be representative, a rating of A or B must be obtained. The 
influence of the other factors, except "psychotic episode,” is not hard to 
evaluate. 

It is obviously difficult to define and to set arbitrary limits for a psy¬ 
chotic episode and to distinguish between it and a psychotic state (a rela¬ 
tively permanent disturbed condition). What is necessary is for the 
examiner to have in mind the spirit and the purpose of making these 
judgments. Their primary purpose is to evaluate fairly the person’s 
intellectual capacity . At the same time it is necessary to determine his 
functioning intelligence, i.e., what he has to work with at the present 
time. If his performance today is, from all the evidence available with 
regard to his psychotic condition, the best he is likely to be able to 
achieve during the approximate period of the next few weeks, then in 
this respect the examination is representative. If the examiner, how¬ 
ever, has any basis for feeling that the patient within a few days or a 
week or so would achieve a higher level of performance, he must consider 
the examination unrepresentative 1 . As has been stated, patients with 
permanent physical or serious language handicaps have been eliminated. 

Studies in the psychomotor sphere (Shakow & Huston 1936; Huston, 
Shakow, & Riggs 1937) have brought out clearly that the attitude of the 
subject may profoundly influence his performance. We do not know of 
any searching investigation of this problem with regard to psychometric 
performance. It would seem likely that test performance would be 
affected, although it has been argued that psychometric results are not 
fundamentally affected by attitude. The question of how much or in 
what way is one which can be settled only by analysis of test results 
under vaiying conditions of cooperation on the subject’s part. One 
needs to find out not only the degree of effect of attitude but also its 
selectivity, if any, on different types of test items. Too, it may be differ¬ 
ent with different types of psychosis. Such an analysis also makes 
possible a comparison of the differences of the effect of attitude and of 

*.l. The essential feature in the attitude designated by an A rating is that the patient must show an 
active interest in the tests themselves. Corollaries to this are that he should exert maximum effort m 
doing the tesla and show interest in the results. 

S. For this rating, the patient must give active and billing cooperation, and real effort, not because 
of a primary interest in the tests themselves, but because of some other factor, such as general friend¬ 
liness or a desire to please the e\aminer. 

C. Patients given this rating are docile and submissive but show no real interest; effort is perfunctory 

or spasmodic. Some urging is usually needed. . ... a 

D. This rating is given to the patient who considers the examination a disagreeable task or an affront. 
He may be resentful, resistive, or surly. It is only after considerable urging and repeated questioning 
that any results are obtained. 

E. Absolute refusal to cooperate results in this rating. 

tlf> in addition to being representative, there is no language or permanent physical handicap (e.a., 
deafness), the patient is under 40 years of age, and the examiner feels that the psychometric results 
reflect not only present capacity but as high a level as the patient has ever achieved, the results are 
considered optimal as well as representative. This distinction concerns us here only insofar as it throws 
more light on the concept of representativeness. 
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that of psychosis (in the one cast', representative vs. non-representative 
results within a psychosis, and in the other, representative results in a 
psychosis a 1 ?, normal results) on test performance\ 


The Diagnostic Groups 

In the following diagnoses, the non-representativo subgroups wore 
large enough for useful comparison: general paresis, feeblemindedness 
with psychosis, paranoid dementia praecox, hebephrenic dementia 
praocox, catatonic dementia praecox, unclassified dementia praecox, 
manic-depressive, psychopathic personality with psychosis, and without 
psychosis. 

Data for all of these groups (N, Range, and Mean and Standard 
Deviation with their Standard Errors, for Stanford-Binet Score, in 
months, Vocabulary, in number of words passed, and Digits Forwards 
and Backwards, in terms of number repeated correctly) are given in the 
master tables (32 to 35) in the appendix. Table 5 gives comparative 
data for these results, as well as for age and education, in terms of the 
differences between the means and the standard error of this difference 
(mean of the non-representative minus the mean of the representative 
group). One asterisk, after the difference, indicates that the critical 
ratio is 1.96-2.33 (equivalent to .05>P>.02); two asterisks indicate 
that the critical ratio is greater than 2.33 (Pg .02). 

Differences between the two sub-groups in each diagnosis in mean age 
are all very slight and none is significant. Differences in education are 
negligible except in the without psychosis groups, where the difference is 
of possible significance. In general the Taussing distributions (see 
table 31 in appendix) are similar, the chief exception again being the 
without psychosis group. Except for this diagnostic group, we may 
reasonably assume that the subgroups are legitimately comparable in 
these descriptive characteristics. 

That there is considerable overlapping in the distribution of the two 
members of each pair for each variable is obvious from the table, al¬ 
though, with three minor exceptions in which the differences are very 
slight, the means of the non-representative groups arc lower than for 


.r *, t -.— ouvcpwuic vuuttK.uw 06 a .us ton iuoo: vo). we leei mat lauuic w wuomw 

«S«!rS? >r *.i. er i 0 j!ir y can to 8 *aye errors in the interpretation of data. In any investigation it is 
aromatic that the more other conditions can be controlled, the more accurate the information obtam- 
tde v i .* l question. In an unpublished study by the junior author on 61 schizo- 
Stanford-Binet score and attitude rating was found to be .56. Other 
u 7 ed an< * “.“Published, concerned with motor functions in schizophrenics gave correlation 
attl , t . ud ® and «i® particular function, of a similar magnitude. Wittman (1637) in 
a relationship between cooperation and scores on memory and reasoning tests obtained 

coemcients ot .08 and .15 for schizophrenics and paretics, respectively, on memory tests, and .62 and 
reaw j“ in 3 testa. The results on schizophrenics are quite consistent with those 
obtained by ua. Her results on the paretics however are not confirmed by our findings. 
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their associated representative groups. In all significant item differ¬ 
ences, also, the non-representative groups make the poorer showing. 
The graphs of the percents passing each item show very clearly the con¬ 
sistently poorer performance of the non-representative groups, although 
statistical significance is found only occasionally. 


GENERAL PARESIS 

Although these groups are very similar in age and education they differ 
si gnifican tly in mean Stanford-Binet score; the vocabulary mean of the 
non-representative group is lower but the difference is not significant. 

Performance on the separate items of the scale, in terms of percent 
passing (on the basis of the number actually attempting each item; see 
footnote, page 375) is shown in the accompanying graph (figure 1). 
Items showing significant, or possible significant differences all in favor 
of the representative group, are listed below: 


.05>P>.02 

Comprehension (VIII-3) 
Designs (X-3) 

Dissected Sentences (XII-4) 
Vocabulary (XIV-1) 
Problem questions (XIV-4) 


PS.02 

Similarities (VTII-4) 
Dato (IX-1) 
Definition of abstract 
words (XII-2) 


FEEBLEMINDEDNESS WITH PSYCHOSIS 

The very slight differences between the means, the general overlapping 
of the distributions, and the performance on items, show a striking simi¬ 
larity in these two subgroups, both as to constitution and achievement. 
Only one item, repetition of syllables (X-8), shows a significant difference. 

We may anticipate further results to state here that it is generally true 
that the representative surpass the non-representative groups, i.e., that 
poorer cooperation means poorer performance. In view of this, we may 
look for some other explanation than that in the present group coopera¬ 
tion plays no role. Several possibilities appear. Either the non¬ 
representative group was originally superior to the representative and 
has, under stress of the psychosis dropped to the same level, or in this 
particular diagnostic group, either the factors which are used in deter¬ 
mining representativeness of performance do not differentiate, or the 
examiner’s judgment of representativeness is less valid. In view of the 
educational and occupational similarities as well as its theoretical un¬ 
likelihood, the first possibility may be dismissed. The decision as to 
representativeness is made on the basis of the subject’s total behavior and 
attitude as well as upon the specific test performance. Further con- 
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Figube 1. Percent passing each item: normal, representative, and non-repre¬ 
sentative general paresis. Items arranged in order of difficulty for normals. With 
few exceptions, the representative are markedly lower than the normal, and the non¬ 
representative are consistently lower than the normal. 
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sideration leads to the reasonable conclusion that an accurate estimate 
of representativeness is relatively more difficult to make here since not 
only the factor of psychosis must be considered but also that of mental 
deficiency. The whole picture is therefore much more complex. It 
thus seems probable that in this diagnostic group the degree of repre¬ 
sentativeness of any performance is difficult to judge and that this ac¬ 
counts for the close similarity between representative and non-represen¬ 
tative performances*. The fact that the proportion of non-representa¬ 
tive cases in this group is so small lends further credence to this interpre¬ 
tation. 


PARANOID DEMENTIA PRAECOX 

Except for the difference in Stanford-Binet means for which P is <.02 
the mean differences here are in no instance significant. On all items 
(figure 2), the percentages passing are, with one exception, higher in the 
representative group. There are a considerable number of items on 
which there is a difference by chi-square of some degree of significance. 
These are largely concerned with reasoning of both an associationai and 
conceptual type, although a few primarily concern memory. They are 
as follows: 


.05>P>.02 
Absurdities (X-2) 
Comprehension (X-5) 

5 D B (XII-6) 

Clock (XIV-6) 

Difference between 
abstract words (XVI-3) 


Pg.02 
Date (IX-1) 

Rhymes (IX-6) 

Designs (X-3) 

Reading & report (X-4) 
Ball & Field (XII-3) 
Similarities (XII-8) 


HEBEPHRENIC DEMENTIA PRAECOX 

The non-representative are significantly lower on Stanford-Binet 
score, digits backwards, and possibly so on digits forwards. On only 
two items is the percent passing higher for the non-representative and 
then only slightly. The differences are usually markedly the other way. 
Significant differences are tabulated below. The types of items are of 
great variety and little can be said about predominance. 


*Th«re, is theoretically, a further possibility, viz,, that at this low level attitude has little effect. We 
have* however, no evidence in support of this. 



PER CENT PWSIXC, 


IX 7 
M 2 
MI 3 

VII t> 
MI ^ 

VIII 2 
VIII 1 
VIII 5 

IX 3 
X 1 
X ;> 
IX 1 
VIII 1 
IX 5 
X 2 
XII 2 
IX 4 
IX 2 
X 7 
IX 6 
XII 1 
X 8 
XII 7 
X 4 
XIV 2 
XII 5 
XII 8 
XIV 3 
XIV 4 
X 3 
XIV 1 
XII 4 
X 6 
XIV 5 
XII 6 
XII 3 
XIV 7 
XIV 0 
XVI 3 
XVI 2 
XVI 4 
XVI 5 
XVI 1 
XVIII 3 
XVI 7 
XVIII 2 
XVI 6 
XVIII 1 
XVIII 4 
XVIII 5 
XVIII 6 



Figures 2. Percent passing each item: normal, representative, “d non-repre- 
sentative paranoid dementia praecox. Items arranged m ^ i 

normals. This representative group is generally somewhat lower than the normal, 
fl /nH the non-representative lower still, but the differences are not so marked as 
FIGURE 1 (general paresis). 
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P values for items 


.05>P>.02 

Compicheuhion (VI-1, VIII-3) 
Picture description (VTT-2) 
5DF (VII-3) 

Differences (VII-5) 

Ball & field (VIII-1) 

20-0 (VIII-2) 

Similarities (VIII-4) 

Making change (IX-3) 
Sentence construction (IX-5) 
Vocabulary (X-l) 

Abstract words (XII-2) 
Picture interpretation (XII-7) 
President k king (XIV-3) 


P£.02 

Definitions (VJII-5) 

4 DB (IX-1) 

Months (TX-7) 
Ab&indities (X-2) 
Reading k repoit (X-4) 
Comprehension (X-5) 
Vocabulary (XIV-1) 


CATATONIC DEMENTIA PRAECOX 

The representative are significantly higher on Rtanford-Binet score 
and on digits forwards. 

Except for three items (figure 3) the non-representative are con¬ 
sistently lower. Significant differences are tabulated below. It is 
apparent that these are predominantly items involving thinking. 

P values for items 

.05>P>.02 P^.02 

Sentence construction (IX-5) Date (IX-1) 

Rhymes (IX-6) Weights (IX-2) 

Absurdities (X-2) 

Fables (XII-5) 

President & king (XIV-3) 

Problems of fact (XIV-4) 


UNCLASSIFIED DEMENTIA PRAECOX 

In this group there is, in general, less difference between the repre¬ 
sentative and non-representative groups than in the other dementia 
praecox groups. None of the differences between the means approaches 
significance. 

There are few important differences in items. Only two are possibly 
significant: induction (XIV-2) and absurdities (X-2)—both conceptual 
th inkin g problems. It is probable that the relatively small number of 
differences found may be due to the rather colorless picture in the psy¬ 
chosis which offers few obvious indications of attitude. 
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MANIC-DEPRESSIVE 

The differences in means arc significant in only one instance—digits 
forwards. The Stanford-Binot score is 22 months lower for the non¬ 
representative, and of possible significance. Vocabulary means are 
practically identical. The non-representative group performance is 
generally markedly lower than that of the representative group. Prob¬ 
lems of fact (XIV-4) and 8 digits forwards (XVIII-3) are significantly 
lower and absurdities (X-2) possibly so. 

PSYCHOPATHIC PERSONALITY WITH PSYCHOSIS 

The differences between means are slight except for Stanford-Binet 
score and even this is not significant. The trend however is constant; 
the non-representative are lower, except for nine items on which they 
equal or surpass the representative. In only one instance is the differ¬ 
ence between the two groups in any degree significant: syllables (X-8), 
in favor of the representative group. 

WITHOUT PSYCHOSIS 

The two groups of this diagnosis show rather marked differences, 
significant for vocabulary, possibly so for Stanford-Binet score. The 
non-representative are generally lower on items, as shown in figure 4. 
The marked differences are shown below and seem largely to fall in the 
vocabulary and reasoning type of test. 

P values for items 

.05>P>.02 P£.02 

Rhymes (IX-6) Ball & field (VTII-1) 

Absurdities (X-2) Vocabulary (VIII-G, X-l, 

Definition of abstract XII-1) 

words (XII-2) Free association (X-6) 

Problems of fact (XIV-4) 

There is some question, however, as to whether or not the only factor 
differentiating these two groups is that of representativeness. The 
non-representative group is somewhat lower in educational level, and 
the difference in means is of possible significance. The difference be¬ 
tween the vocabulary means is definitely significant. And, as has been 
pointed out earlier, the Taussig distributions are not very like; approxi¬ 
mately one fourth of the representative group are unskilled laborers, but 



PER CENT PASSING 



Figure 4. Percent passing each item: normal, representative, and non-repre¬ 
sentative without psychosis. Items are arranged in order of difficulty for normals. 
Although this group is not psychotic, it is definitely below the normal in test per¬ 
formance. The non-representative group is lower than the representative, but the 
differences are somewhat less marked. 
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almost one-half of the non-representative group wore placed in this 
classification. It was possible to match 17 of the non-representative 
group with 17 of the representative group approximately for age and 
education. When this was done, the following means were obtained. 



Age 

Ed. 

St-li 

Voc. 

DF 

DB 

It 

28.4 

6.2 

142 

41.7 

5.5 

4.2 

non-R 

28.6 

6.2 

134 

38.5 

6.0 

4.0 


It would seem, so far as one can rely upon this sample, that some part 
of the differences reported above is probably due to differences in the 
original status of the two groups. But in the matched group, although 
vocabulary scores are now much closer, there is still some discrepancy in 
mean Stanford-Binet results. In the present instance, then, our two 
complete groups are not strictly comparable, and the effect of non- 
representativeness is not entirely clear. 

SUMMARY AND CONCLUSIONS 

From the previous discussion it is obvious that if we are to make any 
valid generalizations about the effect of attitude on Stanford-Binet test 
results the first step is to make sure that we are really dealing in all of 
the groups with the factors which enter into representativeness. With 
regard to three of the groups, feeblemindedness with psychosis, un¬ 
classified dementia praecox, and without psychosis, some question has 
been raised about the sources of variation. The evidence in the latter 
group shows that we are dealing in part with persons of lower original 
capacity in the non-representativo group and that representativeness is 
apparently a secondary aspect of the problem. In the case of the feeble¬ 
minded with psychosis there seems to be some cogency in the argument 
that the two types are hard to distinguish since it is particularly difficult 
to differentiate between unresponsiveness due to uncooperativeness and 
unresponsiveness due to stupidity. The unclassified dementia praecox 
group is believed to be one in which judgment is made more difficult by 
the rather colorless psychotic picture*, but this does not seem sufficient 
reason for dropping the group from the comparisons altogether. How¬ 
ever, the other two groups do not seem to belong in this analysis, because 
of the doubts which arise regarding the sampling, and hence are elimi¬ 
nated in the summary of these comparisons. This will therefore include 

*It is probable that this group includes a certain number of old bebepbrenics in whom the distinctive 
nebepnrenic coloring has been lost, and some who should perhaps be classified as feebleminded with 
psychosis. 
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the following groups: general paresis (GP), paranoid (DPP), hebephrenic 
(DPH), catatonic (DPC) and unclassified (DPU) dementia praecox, 
manic-depressive (MD), and psychopathic personality with psychosis 
(PP+). 

From the tables presented thus far it is seen that there are a number of 
differences which arc of a sufficient degree of significance to merit con¬ 
sideration. These are assembled in table 6. 


Table 6 

SUMMARY OF SIGNIFICANT DIFFERENCES BETWEEN MEANS OF 

Representative and Non-representative Stjb-groups 


.05>P>.02 

P^.02 

St-B 


GP; DPP; DPH; DPC 

Yoc 



DF 

DPH 

DPC; MD 

DB 


DPH 


It is apparent that vocabulary score is less affected by poor attitude 
than is total Stanford-Binet score. There is only one exception: in the 
unclassified dementia praecox comparisons (not in the above table be¬ 
cause the P> .05) the ratios are approximately equal. 

In table 7 all items are listed, together with the groups showing signifi¬ 
cant and possible significant differences, and a tally which is merely the 
total number of groups showing a difference with a P less than .02 plus 
one-half the number showing a P between .05 and .02. In no instance 
is this difference in favor of a non-representative group. Table 8 lists 
these same items in the order of their discriminative value. It is interest¬ 
ing to note that two of the three items having the greatest tallies (X-2 
and XIV-4) are items involving conceptual thinking. The third is giving 
the date (IX-1). Items tallying 1 y 2 and 2 include two conceptual thinking, 
four associative thinking, two vocabulary, and two immediate memory. 

In the order of tjhe number of differences with P’s less than .05 the 
groups run: hebephrenic, 21; paranoid praecox, 10; catatonic, 9; paretic, 
8; manic-depressive, 3; unclassified, 2; psychopathic personality with 
psychosis, 1. The effect of attitude seems to be by far the greatest in the 
hebephrenic group with the catatonic and paranoid praecox groups 
following. It is least in the psychopathic personality, unclassified 
praecox and manic-depressive. The psychopathic personality with 
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Table7 

Significance of Differences on Items between Representative 
and Non-representative Groups 



.05 > P > .02 

P = .02 or loss 

"Tally 

VI-4 Comprehension. 

DPI I 


A 

VII-2 Pictures. 

DPFI 


A 

3 5DF. 

DPIT 


A 

5 Differences. 

DPH 


A 

VIII-l Ball and field. 

DPI! 

DPC 

1 Vi 

2 20-1. 

DPI! 


Vi 

3 Comprehension. 

GP; DPI! 


1 

4 Similarities. 

DPH 

GP 

1 

5 Definitions. 


DPII 

1 

IX-1 Date.. 

DPO 

GP; DPP 

2V 

2 Weights. 

DPC 


V 

3 Change. 

DPII 


Vi 

4 4 DB. 


DPH 

1 

5 Sent, constr. 

DP1I 

DPC 

l H 

6 Rhymes. 


DPP; DPC 

2 

7 Months. 


DPH 

1 

X-l Vocabulary. 

DPH 


Vi 

2 Absurdities. 

DPP; DPU; MD 

DPH; DPC 

zh 

3 Designs. 

GP 

DPP 

l A 

4 Reading. 


DPP; DPII 

2 

5 Comprehension. ... 

DPP 

DPII 

VA 

8 Sent, repet. 

PP+ 


A 

XII-2 Abstract words. 

DPII 

GP 

15‘j 

3 Ball and field. 


DPP 

1 

4 Dissected sent. 

GP 


A 

5 Fables. 


DPC 

l 

6 5 DB. 

DPP 


A 

7 Pictures. 

DPH 


}‘i 

XIV-1 Vocabulary. 

GP 

DPII 

1 A 

2 Induction. 

DPU 


A 

3 President & king .... 

DPH 

DPC 

l A 

4 Problem questions... 

GP 

DPC; MD 

2 A 

6 Clock. 

DPP 


A 

XVI-3 Difference between 




abstract terms. 

DPP 


A 

XVIII-3 8DF. 


MD 

l 
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psychosis subgroup, with a tally only slightly lower than the unclassified 
praecox show much clearer differences and we are of the opinion that the 
small tally here results chiefly from the small non-representative group 
(n= 14) and does not reflect the actual situation clearly. 

These results may be interpreted to mean either that in some diagnos¬ 
tic groups attitude affects cognition less than it does in others, or that in 
these the quality of representativeness is more difficult to judge. Both 
factors seem to be involved but in different degrees. The latter probablv 
holds for the unclassified praecox (as well as for the feebleminded 
omitted for this reason) because of the rather colorless picture. On the 
other hand, the hebephrenic group offers perhaps the best situation in 
which to judge representativeness and it seems fail- to assume that the 
differences found are essentially due to attitude differences. 


Table 8 

Summary of Discriminative Value of Items in Representative 
Non-representative Comparisons 


Tally 

Item 


X-2 

m 

IX-1; XIV-4 

2 

IX-6: X-4 

1 a 

YIII-1; VIII-4; IX-5; X-3; X-5; 

XII-2; XIV-1; XIV-3 

1 

VIII-3; VIII-5; IX-4; IX-7; XII-3; 

XII-5; XVIII-3 

iS 

VI-4; VII-2; VII-3; VII-o; VIII-2; 

IX-2; IX-3; X-l; X-8; XII-4; XII-6; 

XII-7; XIV-2; XIV-6; XVT-3 


Table 9 gives for the various groups the number and percent of items 
falling into the different types of tests of the Stanford-Binet on which a 
P for the difference between representative and non-representative of 
< .05 was found. 

It will be seen that all learned material—old and new—is least affected 
and conceptual thinking most, with associative thinking falling between. 
Although in some of the groups the disturbance may be slightly greater 
in other categories than in conceptual thinking, this is the category 
which is most commonly affected in some degree (in fact, in all but one 
instance). Further discussion of these findings may well be postponed 
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younger as are also the two groups of psychopathic personality, the psy¬ 
choneurotic and the without psychosis groups. In all cases, however, 
the groups are, by any standards, adult, and distributions overlap to a 
great extent. We must remember, however, in considering the older 
groups, the possible effect of age in some of the individuals. It is im¬ 
possible to estimate this exactly, especially since for the individual 
Stanford-Binet items age curves are not available. Within this range 
of ages we may at least discount any effect of ago on vocabulary. 

With the younger groups the situation is to some extent reversed; 
where there is any effect of age on test performance it is chiefly the nor¬ 
mals who are penalized, so that we may be reasonably certain that any 
differences found are in spite of, not because of, age differences. 

In only one instance does a group differ significantly from the normal 
in education—the catatonics are better educated. The total dementia 
praecox and the psychoncurotic groups are also better educated than the 
normal and these differences are of possible significance. All others have 
mean years of education closely approximating the normal. 

For the most part, differences in Taussig distribution appear logically 
to reflect age differences rather than great differences in social back¬ 
ground. The younger groups tend to have proportionately fewer pro¬ 
fessional workers and more semi-skilled and unskilled laborers, because 
many of these had insufficient time to learn a trade or a profession before 
hospitalization. 

The comparisons are handled as in the preceding section. Correlation 
coefficients between various measures have been computed for most of 
the groups of 30 or more, for comparison with the normals. These are 
considered in a separate section, following the discussion of the means 
and individual items. Variation is also discussed in a later section. 

The Diagnostic Groups 

The data for each group will be found in the master tables in the 
appendix. Comparative data, however, are given in table 10. In each 
case the difference shown is that obtained by subtracting the mean of the 
normal group from that of the abnormal group in question. The stand¬ 
ard errors of the differences are also given. Significant differences are 
indicated by two asterisks, possibly significant differences by one. The 
means of the normal group are included for ready reference. 

GENERAL PARESIS 

As would be expected, this group averages slightly older than the 
normal, although only one subject is over 51 years of age. This factor is 
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not sufficient to account for differences although it may well increase 
them. The difference in education of the groups is negligible; the great¬ 
est difference in occupational status is in t Lie skilled labor class which 
contains relatively few paretics. On all mean test results the paretics 
are much lower than the normals; the difference is possibly significant for 
vocabulary, and significant for the other three. 

Item analysis (figure 1, page 383) shows significant diffeiencesin the 
performances of the two groups on 22 items falling in the IX through 
XVI year levels and three others of possible significance as tabulated 
below: 


P values for items by X 2 


Year 

P>.05 

,05>P>.02 

P = .02 or lebs 

IX 

3,7 

1,2 

4, 6, 6 

X 

1,6 


2, 3, 4, 5, 7, 8 

XII 

2, 3,4 


1,5, 6, 7,8 

XIV 

1,6 


2, 3, 4, 5, 7 

XVI 

i, r>, 6 

7 

2, 3, 4 


The items with a P of .02 or less are: vocabulary (XII-1); digits for¬ 
ward (X-7; XIV-7); digits backwards (IX-4; XII-6); sentence construc¬ 
tion (IX-5); rhymes (IX-6); absurdities (X-2); designs fX-3); reading 
and report (X-4); comprehension (X-5); repetition of syllables (X-8); 
fables (XII-5 and XVI-2); pictures (XII-7); similarities (XII-8); induc¬ 
tion (XIV-2); president and king (XIV-3); problem questions (XIV-4); 
arithmetic reasoning (XIV-5); difference between abstract words 
(XVI-3) and enclosed boxes (XVI-4). The others, of possible signifi¬ 
cance, are date and weights (IX-1 and 2) and repetition of syllables 
(XVI-7). 

It is apparent that paretic performance is much lower than normal. 
In general, vocabulary and other remote memory items an' least affected. 
It is very clear that immediate memory, in all spheres tested, is rather 
seriously and specifically impaired, which may contribute to the difficulty 
on other items. Conceptual thinking seems most impaired, with other 
types of thinking affected to a much lessor extent. (Note that the test 
situation in ball-and-field and dissected sentences is fairly concretely 
presented and apparently adequately comprehended.) 

Foerster and Gregor (1909) using a variety of tests, including com¬ 
prehension, reaction time, memory, etc., with 12 paralytics, in order to 
determine whether all functions were similarly affected, concluded that 
rote learning was more intensively affected than other functions in cer¬ 
tain cases, whereas in others it was comparatively little affected. 

Binet and Simon (1916) applying their test to a number of paretics, 



ROE AND SHAKOW: INTELLIGENCE IN MENTAL DISORDER 399 


concluded that this group showed a weakening of the whole intelligence 
which they interpreted as due to a disturbance m evocation. These 
authors noted, too, that the more automatised reactions were relatively 
less affected, and that speech, and word usage, i.e., vocabulary, were 
generally above the intellectual level. 

Wells and Kelley (1920) reported IQ distiibutions of 12 paretics with 
a median age of 48. From this distribution a mean IQ was computed 
by us and a mean MA of 128 was found; this is very close to the mean of 
132 reported in the present study. 

Schott (1930) in studying retests, listed MA’s on first test for 16 
paretics, aged 16-58. The mean MA is 152.5, considerably above ours. 

Simmins (1933) found paretics lower than any other patients in both 
vocabulary and memory tests (not Stanford-Binet). 

Landis and Retchetnik (1934) emphasize impairment in retention and 
immediate recall as the most frequent and severe mental change in 
paretics. They also found impairment with decreasing frequency in 
counting and calculation, reading and comprehension, memory of the 
recent past, and remote memory. 

Hunt (1935) tested paretics and schizophrenics with a set of arith¬ 
metical progressions and a story containing absurdities. The subjects 
were not at first instructed to look for absurdities as in the Binet test. 
No comparisons with normals are given, except, “The narrative has been 
presented to a number of non-psychotic persons of varying degrees of 
psychological maturity . . . Most of these ‘normal’ persons noted more 
absurdities than the paretics did” (footnote, page 460). Our paretics 
also did poorly on the absurdities test (X-2). 

Jastak (1937) found a mean MA of 135 for his 7 paretics and a mean 
vocabulary score of 53, MA equivalent 170*. 

In the study of dementia praecox made by Kendig and Richmond 
(1940) Stanford-Binet MA\s are given for a number of other groups for 
comparative purposes. Their results arc reported only in terms of 
minimum, maximum, and median scores, no measures of dispersion are 
given, and distributions are only given for their major groups so that 
these constants cannot be calculated for their other groups. A further 
difficulty is that colored patients are included in unstated numbers in the 
separate groups. We can state only that their 69 paretics had a median 
Btanford-Binet MA of 11 years, that is, of 132 months, which corresponds 
almost exactly to our mean. 

In general, then, except for the much higher mean reported by Schott, 
investigators are in accord in the matter of mean test level in paretics. 

*Jastak (1934) uses Ins own MA equivalent based on a group of children. 
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CHRONIC ALCOHOLISM WITH PSYCHOSIS 

The alcoholic group arc all male. The groups differ significantly with 
regard to age, and the educational difference noted is probably in part a 
function of this age difference*. There are relatively fewer chronic 
alcoholics in Taussig Groups II and IV (in which most of the women are 
placed) but the difference is not significant. 

This psychotic group is lower than the normal on all mean test results 
and the differences are significant except for vocabulary. To some ex¬ 
tent these findings are undoubtedly influenced by the effect of age, but 
there is only one case over 60 years, although there are ten between 50 
and 60. Age in this range has little influence on vocabulary but docs to 
some extent affect Stanford-Binet score, although it is not known whether 
the effect is on specific items or in the way of a general lowering. Note 
that of the items given below as showing differences, only two of the 
possibly significant ones have a time limit. 

P values for items by X 2 
.05>P>.02 PS.02 

Sentence construction (IX-5) Absurdities (X-2) 

6 digits forwards (X-7) 7 Digits forwards (XIV-7) 

Vocabulary (XII-1) 

Abstract words (XII-2) 

Fables (XII-5) 

5 Digits backwards (XII-6) 

President and king (XIV-3) 

Clock (XIV-6) 

Not much comment can be made about these, except to point out that 
they are distributed rather evenly among vocabulary, immediate mem¬ 
ory, sustained associative and conceptual thinking. In many of these, 
elements are presented successively and preceding ones must be retained 
and combined with later ones. A tentative summation might thus 
superpose upon the already demonstrated loss in rote memory, a further 
loss in the ability to maintain a definite set so as adequately to organize 
sequentially presented material. 

Pressey (1917) reports point scale examinations of dementia praecox 
and chronic alcoholic patients (presumably with psychosis). His 25 
alcoholics averaged 30 years of chronological age, the range being 15 to 
55, and 126 months in mental age. The group is not only much younger 
than ours, although he states the condition to be “the result of years of 
dissipation”, but 20 months lower in mental age (assuming Stanford- 
Binet MA and point scale MA to be equivalent). He compared his 

*Cf. discussion in Shakow & Goldman (1038), 
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results with the normal standardization material for the same MA, and 
found differences greater than 15% in number passing for five tests— 
normals being better on free association and drawing designs from mem¬ 
ory, alcoholics being better on comprehension, absurdities, and defini¬ 
tions of abstract words. Superficially his results appear to contradict 
those of the present report. It must be remembered, however, that he 
was comparing his adult psychotics to children; the two tests at which 
his chronic alcoholics were poorer are relatively easier for children than 
for adults; the reverse is true of the other three, at which his adults were 
better (Weisenburg, Roe, & McBride 1936: 60). 

CHRONIC ALCOHOLISM WITHOUT PSYCHOSIS 

There are no significant differences with respect to age, education, or 
occupation, although the group includes a higher percentage of semi¬ 
skilled laborers and a lower one of semi-professional and business cate¬ 
gories. It is a very small group, so no correlations were run. 

The mean test results do not in any instance differ much from the 
normal, and, except for one item, induction (XIV-2), all items have P 
values of more than .05. This item did not show a significant difference 
between the nonnals and the psychotic alcoholics. 

ACUTE ALCOHOLIC PSYCHOSIS 

The group is very like the normal in age, education, and occupation. 
The mean vocabulary score is practically identical in this and the normal 
group; Stanford-Binet score and digits backwards are lower but not 
markedly so; the mean for digits forwards is lower, with P just less than 
.05. None of the items has a P of less than .05. Most of these patients, 
when they reach the psychologist, have attained the greater part of their 
recovery from the attack of alcoholic hallucinosis which resulted in their 
hospitalization. Even so, they show some early changes in the direction 
of the chronic alcoholic with psychosis—lowered achievement in rote 
memory and in the detection of absurdities. 

Jastak (1937) reports a mean Stanford-Binet score of 150 and a mean 
vocabulary MA of 159, equivalent to a score of 48 by his norms, for 15 
patients diagnosed as alcoholic psychosis, type not specified. It can be 
soon tliat his Stanford-Binet mean falls midway between ours for chronic 
and acute alcoholic psychosis, whereas his vocabulary score is somewhat 
below that of our chronic alcoholics. 

The Kendig-Richmond (1940) median MA for 24 “alcoholic psychoses” 
was 129. 

Comparing the effect on the three groups in relation to the normal, it 
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is seen that alcoholism per fte seems to have relatively little effect and 
that it is only when psychosis is superposed that performance is really 
disturbed. 

PARANOID DEMENTIA PRAECOX 

In age and education this group is markedly like the normals; occupa¬ 
tional distributions are similar, though with relatively more of class V in 
the hospital group. The psychotic group is very slightly higher on mean 
vocabulary score; other mean test results arc lower, and on digits for¬ 
wards the difference is significant. 

The item analyses show 6 significant and 5 possibly significant differ¬ 
ences (figure 2, page 385). The former comprise detection of absurdi¬ 
ties, comprehension, and digits forwards at X; fables at XII (not at XVI) 
and president and king at XIV; on these the normal were superior; on 
memory for designs (X-3) the paranoids surpassed the normal. The 
possibly significant differences, all in favor of the normal, are: 4 digits 
backwards at IX, vocabulary at X, and induction, problems of fact, and 
7 digits forwards at XIV. With the exception of the immediate memory 
and vocabulary items, these tests fall into the classification “conceptual 
thinking”—the type of test which seems primarily affected. 

Rawlings (1921) reported material for 1G “apparently well preserved 
cases of paranoid dementia praecox”, on the Yorkes Point Scale. They 
average 10.9 (130.8 months) in MA, considerably lower than the Stan- 
ford-Binet mean score reported here. Apparently all tests were repre¬ 
sentative. No information as to age, education or occupational status 
of the group was presented. 

Barnes (1924) reported that, in general, dementia praecox paranoids 
were lower than normals (Stanford standardization group) except on 
XIV-2, which for our group shows a possibly significant difference. She 
noted that between 60 and 75 percent is the exported frequency of posses 
for normals, and since 70 percent of her paranoid group passed this item 
she concluded that it is as easy for them as for normals. Her paranoid 
group varies in number for different items from 3 to 33. If items are 
arranged according to difficulty, the rank correlation between her group 
and ours is +.93. A direct item-to-item comparison shows a number of 
significant differences, but as her group appears to have a mean score 
much lower than ours, the amount not determinable precisely from her 
records, this is inevitable. She gives no data as to the age and educa¬ 
tional levels of her group. 

Babcock (1933) gives no material which can be used for specific com¬ 
parison but says of the paranoids that they have a practically normal 
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distribution » to Mcncc^olc™, >»» »' 

vocabulary—although they are defective in learmns ab litj. 

Trapp and James (1937) commenting (hat a*a e IQofthe 

paranoid patient is tltoo^ony^otlior^^ol’P^^^ot IQ^for 19 

patients on lepiesen a ivi ex , otab ly liigher than that re¬ 
nt first test of 171 can be 32 years. Then- 

ported here. The average C A of then feuDjc annarent u-hv 

group was considerably smaller than ours 

their mean Bind score should^HaJ^oon. They do not give 

hohonhronics is £tlso considcr&bly ■» j 

ncDcpmcmus 10 w wVlicb rliffercnccs m samplmg could 

descriptive data for their group, by which cunen- 

ours, but so fai as wc^an e 1 arc given, nor is it known 

for their group was 8.5. No occupational d However, in 

how many colored patients arc me u. « T hcir Stanford-Binet 

education and age they o no c ‘ equivalent to a score of 

median is 148, and vocabulary ™^n age is possible to make 

ohout 41. Our means for those -ue ® [Sling each item, 

some comparison by items as tl y g P baai gi<reB a coeffi . 

Rank correlation of their group with ouis, o 
cient of +.93. 

hebephrenic dementia praecox 
Although this is definitely ^ ^£^0 edSiW levdand a 
2S?°T^dii"Mmean test results are significantly 

"™»Risiup h. - g,»*.t S5S 

significant—8, differences on m(1 ^ j j after that. Vocabulary at 
the VIII year level, and in e and XVIII), definitions at XII 
VIII, X, and XII (but not atXIV,:AVI, abstract words (XVI-3) 

(possibly at VIII) and differentiating digits forwards (XVIII-3 

are significantly lower. Of the mem^ yt > designs (X-3) are all 

possibly), syllables at X and possibly XVI, arQ ^ (vm ^ x _ 5) 

significantly lower. Comprehens wed as comprehension are 

XIV-4). Tests involving mterpretatio comparisons (VIII-4 

lower (XII-5,XVI-2, XII-8), as arc items req 6 

i uwti J J 0 { 500 cases of dementia praecox, only 

•Although Kcndig and Richmond reported on a total gr 
160 of these were classified as to type. 
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possibly, X1I-8, XVI-3) and others requiring constructive activities 
(XIV-2, XVIII-2). Visual imagery is lower (XVI-4 and XIV-6 possibly) 
as are also date (IX-1) and arithmetic reasoning (XIV-5). Ball-and- 
field is significantly lower at VIII, not at XII. Digits backwards are 
significantly lower at IX and XII, but not at XVI and XVIII. Al¬ 
though the differences in vocabulary arc not significant after the XII 
year level, this test is much more affected in the hobephrenics than in any 
other group, and P for the difference in mean scores is less than .02. 
The hebephrenics show a marked and generalized decrement in all func¬ 
tions except those involving remote memory other than vocabulary. 

Barnes’ (1924) study contains a hebephrenic group large enough for 
some comparison with ours. Her groups run irregularly in number from 
3 to 21 for separate items. Item difficulty gives a rank correlation of 
-f.92 with our group. Examination of the individual items shows only 
one difference between the performances of the two groups which is 
significant: detection of absurdities (X-2) passed by 3 of 17 in her group 
and by 16 of 31 in this group. (It was passed by 61 of the 65 normals). 

Babcock (1933) found hebephrenics to be generally below average in 
intelligence (based on vocabulary) attributing this to a course of im¬ 
pairment beginning before the age of 14. She considered inability to 
interpret and to learn the most characteristic deficiencies in this group. 

The group studied by Trapp and James (1937) had a mean MA of 148 
(calculated from their IQ’s) for 11 hebephrenics averaging 27 years of 
age, a mean higher than ours. 

The 32 hebephrenics reported by Kendig and Richmond (1940) had 
a median CA of 31.2, and averaged (as closely as we could compute it) 
7.1 years of education. Their Stanford-Binet median was 138, and 
vocabulary median 30. Their group was thus slightly older, less edu¬ 
cated (number of colored included is not known), 9 months higher in 
Stanford score and 12 points lower in vocabulary. The lower vocabu¬ 
lary score may well be associated with the lower educational level; the 
difference in Stanford-Binet scores is probably not significant. Rank 
correlation for the items is .95. 

CATATONIC DEMENTIA PRAECOX 

This group is the least like the normals in the descriptive characteris¬ 
tics: they average 11 years younger, have had almost 2 more years of 
schooling, and there is a marked preponderance of unskilled over skilled 
workers (probably resulting from the age difference) although this is not 
sufficient to cause a significant difference between the distributions. 
Test results are extremely close in every instance, there being no P less 
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than .05 for differences between means. No significant differences were 
found in item analysis; possibly significant differences appeared for free 
association (X-6) which was easier for the catatonics, and for induction 
(XIV-2) which was harder for the catatonics (figure 3, page 387). 

Babcock (1933) found that the distribution of mental level in cata¬ 
tonics was practically normal, but that all were behind in school achieve¬ 
ment (not borne out by our results). She considered them to show 
greater weakness in the motor phase of the response relative to learning. 

The four catatonics reported by Trapp and James (1937) averaged 
28.5 years in age and 145 in MA. Their catatonics are thus lower, their 
hebephrenics and paranoids higher than ours; their n’s are 4, 11, and 
19 respectively. 

The Kendig-Richmond (1940) group of catatonics numbered 51, had 
a median chronological age of 22.0 and an average of 8.8 years of educa¬ 
tion (our estimate from their figures). Their median Stanford-Binet 
was 144, and median vocabulary score 41. Item rank correlation is 
+.91. It is apparent that our group is older, better educated, and con¬ 
siderably higher in test results. As we have already indicated, ours is a 
relatively selected group. 

SIMPLE DEMENTIA PRAECOX 

This group is similar to the normal in age and education, and while the 
Taussig ratings show a disproportionately larger number of unskilled 
laborers, the difference is not significant. All of the mean test results 
are very close. 

Two items are of significantly greater difficulty for this group: detec¬ 
tion of absurdities (X-2) and comprehension (X-5); one, memory for 
designs (X-3), is possibly significant. 

The simple dementia praecox patients reported by Trapp and James 
(1937) have an average CA of 28.7 and an average MA of 153, very close 
to that of our group. 

On the other hand, the 14 reported by Kendig and Richmond (1940) 
had much lower medians on Stanford-Binet—127, and vocabulary 23. 
Their group was younger and considerably less well educated. Neither 
group is very large so that differences in the samples, such as the inclu¬ 
sion of a few colored patients or of non-representative test results could 
easily effect such differences in averages. Item rank correlation was 
+. 88 . 

UNCLASSIFIED DEMENTIA PRAECOX 

This group is significantly younger than the normal but the educa¬ 
tional level is practically the same. Occupational distributions do not 
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differ significantly although the group of unskilled laborers is relatively 
larger. Some of these are younger members of the group who have not 
had time to learn a trade but who normally would do so. Four of those 
not rated were still in school when committed. The Htanford-Binet 
mean is 20 months lower, with a P of less than .02, but vocabulary is only 
slightly lower than for the normals. Digits, both forwards and back¬ 
wards, show significant differences. 

Item analysis shows 14 significant and 6 possibly significant differ¬ 
ences. The first group includes 2 comprehension items (VIII-3 and 
X-5); 2 digits forwards (X-7 and XIV-7), both fables (XII-5 and XVI-2), 
tying a bowknot (VIM), one digits backwards item (IX-4), sentence 
construction (IX-5), one vocabulary item (X-l), detection of absurdities 
(X-2), sentence memory (X-8), defining abstract words (XII-2), presi¬ 
dent and king (XIV-3). Possibly significant differences wore found for: 
ball-and-field (VIII-l, but not at XI1-3), giving the date (IX-1), reading 
and report (X-4), problem questions (X1V-4), arithmetic reasoning 
(XIV-5), and enclosed boxes (XVI-4). The types of test most affected 
are those involving conceptual and sustained associative thinking. 
There is also some effect—approximately equal in amount—on all the 
other types, including vocabulary. 

TOTAL DEMENTIA PRAECOX 

The material thus far presented, comparing various types of dementia 
praecox with a normal group, shows distinct differences among the types. 
This will be brought out even more clearly subsequently when the various 
types are directly compared. Since, however, previous studios deal with 
the diagnostic group dementia praecox as a whole, the types have here 
been combined. It must be understood that we do not consider this pro¬ 
cedure intrinsically defensible. We so treat our material only in order 
to make possible a comparison of it with the findings reported by other 
workers. 

The data on the mean for this group show it. to be younger and some¬ 
what better educated (han t he normal group*. All lost results art* lower, 

•Schizophrenic*, then, do not in general tall below lhe* average educational level, as bus been argued 
by several author*. Additional corroboration oi this point can be found in the repoi L ol Massachusetts 
hospitals for 1935. During this year 723 schizophrenics were a cl millet I lo all slute hospitals; the average 
age was 38.1 and the educational distribution as follows: 0(1% grammar school; 29% high school, 6% 
college. Of the normal group from 30-39 in the Shakow-Gohlm.in vocabulary study (1938), the educa¬ 
tional distribution was: 05% grammar school; 25% high school; 10% college. 

Kendig and Richmond (1940) believe that their group of dementia praccoxcs is definitely iuuihedly 
retarded in schooling. Their figures are 75% completed grade school, 20% lud some high school train¬ 
ing and 5% had some college work. Their figures are somewhat lower than ours, but without measures 
of dispersion it is impossible to tell whether this difference is of significance, although it may well be. 
They have, however, in estimating the extent of retardation in the group apparently overlooked the 
important factor of age in computing expected normal years of education. The mean years of education 
for their total w hite group is approximately 8.5, very close to that for our group. However, mean years 
of education for their colored group, which constitutes about one-seventh of their total group, is ap¬ 
proximately 6.0. This distorts the figures considerably. 
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and for the Stanford-Binet score, digits forwards and digits backwards 
the difference is statistically significant. Vocabulary scores differ by 
only 2.4 points. 

On these items the performance of the normal group is significantly 
higher: digits backwards at IX; vocabulary at X; digits forwards at X 
and XIV; absurdities (X-2); comprehension (VIII-3 and X-5); differ¬ 
ences between abstract words (XII-2); induction, (XIV-2); president 
and king (XIV-3) and fables at XVI. Only on free association (X-6) is 
the dementia praecox group superior. On these tests, the normal group 
is possibly significantly higher: tying a bowknot (VII-4), date (IX-1), 
repetition of syllables (X-8 and XVI-7), problem questions (XIV-4), 
arithmetic reasoning (XIV-4), and enclosed boxes (XVI-6). That is to 
say, the dementia praecox cases are affected most on tests involving 
conceptual reasoning and somewhat less on the other types of tests. 

Prcssey (1917) examined dementia praecox patients with the Yerkes 
Point Scale. The make-up of his group with regard to type is not clear. 
They were selected as those having an MA between 8 and 12 years on the 
point scale and having given evidence in the history of previous develop¬ 
ment above this level. The average MA of the group was 126. His 
primary purpose was to compare this group with a group of feebleminded, 
but he adduced comments on the performance of the dementia praecox 
patients in relation to normals—presumably based on the data on which 
the scale was standardized. This comparison showed that his praecox 
group scored 77% of normal on comparisons (similarities), 71% of 
normal on free association, 67% of normal on sentence construction, 54% 
of normal on drawing designs from memory, and 138% of normal on 
the definition of abstract words. 

In the paper by Wells and Kelley (1920)*, computations from the IQ 
distributions for their 22 dementia praecox patients resulted in a mean of 
166.7, 17 months higher than that of the group reported here. They 
discuss test failures above and below the MA level. For all their groups 
they found that frequency of passing above the MA was most marked in 
the vocabulary and digits forwards tests. They conclude, with regard 
to dementia praecox cases, “The disorder attacks first the more funda¬ 
mental, instinctive, ‘rear types of conduct, and leaves relatively un¬ 
touched the more conventional 'laboratory 1 ' type of reactions. Par¬ 
ticularly does this apply to the language mechanism, through which any 
degree of intellect is to be manifested. Hence the high IQ in grave 
dementia praecox cases/' 

♦The work of Wells and Kelley was done at McLean, o private hospital, with a patient population 
distinctly above the average. This must be taken into consideration in comparing their results with 
ours. 
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Wentworth (1923) divided her 200 cases, selected only for willingness 
to cooperate, into three groups according to deterioration, thus: (a) 
deterioration to a general low level; (ft) definite blocking of thought 
processes; (c) no blocking of thought processes. For the first group she 
reported the type of questions most often failed to be any requiring real 
thinking, judgment, or reasoning; that attention was not long sustained 
and that sentence memory was poor; memory for digits was better—the 
higher types of this class repeated digits well above the MA level. This 
group was probably largely hebephrenic. In the second group, she also 
found memory for digits peculiarly intact, and the questions most often 
failed above the MA level were: weights, absurdities, designs, compre¬ 
hension, abstract words, fables, picture interpretation, and similarities. 
The third group showed no clear differences. In general, her results are 
very like ours, with one striking exception: she reports dementia prae- 
coxes to be relatively higher on digits forwards than on general MA 
level, as do also Wells and Kelley. Unfortunately, she does not give 
numerical results. A mean MA of 125 can be computed from her data, 
considerably below our mean for the whole group, but quite similar to 
that for our hebephrenic group. 

It is to be noted that in our study the mean of the dementia praecox 
group for repeating digits forwards is only slightly above the 10 year 
norm, hence below their MA mean. A scatter diagram shows that 50 
cases, or only 28% of our group, tested above their MA level on digit 
repetition (locating digits at the test level, be., 6 at X, 7 at XIV, and 8 
at XVIII). Of these, 2 could repeat 5, 6 could repeat 6, 14 could repeat 
7, and 28 could repeat 8 digits. All of the last group, naturally, were 
above their MA level. The 50 were distributed by typcfi thus: 30% 
paranoid; 22% unclassified; 22% simple; 18% catatonic, and 8% 
hebephrenic. 

Cornell and Lowden (1923) report a median Slanford-Binet MA of 124 
for 50 dementia praecox cases. Types are not noted. 

Schwartz (1932) applied Babcock’s scale to 110 dementia praecox 
patients, presumably of all types, lie computed the sum of MA’s of all 
subjects on one test and expressed it as the percent of the sum of MA's 
for vocabulary. The percent for repetition of digits was 69, for counting 
backwards 65.6 and for paragraph memory 54.3. 

Hunt (1935) noted that schizophrenics were very poor in detecting 
absurdities. 

Michaels and Sc h il l i n g (1936) found a mean Biuet score of 180 for 36 
schizophrenic patients, on consecutive admissions. This includes only 
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patients accessible on admission and is probably, relative to ours, a 
selected group. 

Harbinson (1936) in a study of 36 psychotics at the Bethlehem Royal 
Hospital, of whom 11 were schizophrenic, used Spearman’s ‘g’ tests, 
Terman vocabulary, digits forwards and backwards. Results for the 
latter were not presented. She found only three of the schizophrenic 
patients, or 27% of her cases, to show intellectual deterioration by the 
criterion of a score on ‘g’ lower than that on vocabulary. Her digits 
forwards mean for these 11 is 8.8, many of her cases reaching the maxi¬ 
mum of 10. No description of types or selection was given. 

Wittman (1937) in an attempt to evaluate the theories of the basis of 
dementia praecox, gave a number of tests to paretic, praecox and normal 
subjects. Since, for the dementia praecox group, correlations between 
ability tests and tests of cooperation were high, and for the paretics they 
were low, she concluded that the “dementia” in dementia praecox was 
functional. In all of her ability and memory tests, mean scores for the 
paretics were lower than for the praecoxes*. In our groups, the means 
for the combined dementia praecox groups are everywhere higher than 
the paretic means, and on item analysis the paretic tally of significant 
differences from the normal is 29 and the total dementia praecox tally is 
13 (the hebephrenic group alone tallies 32) so that our results confirm 
hers. 

Jastak’s study (1937) included 16 dementia praecox cases, types un¬ 
specified. These had a mean Stanford-Binet score of 132, and a mean 
vocabulary MA of 151, equivalent to a score of 45. Both are lower than 
the means of our total group. 

The median given by Kendig and Richmond (1940) for their 429 
whites is 143. This group is discussed fully below. 

A survey of the results obtained by others indicates that they fall into 
two groups: one which obtains a fairly low mean score for the dementia 
praecox and another which obtains a quite high score for them. In the 
former belong Pressey (1917), Wentworth (1923), Cornell and Lowden 
(1923), Jastak (1937) with means of 126, 125, 124, and 132 respectively. 
In the latter belong Wells and Kelley (1920) with a mean of 166, and 
Michaels and Schilling (1936) with a mean of 180. Since the latter 
results were obtained from selected populations we do not believe that 
they are comparable with those of the first groups. The Kendig-Rich- 
mond mean is close to our mean for the representative group of 149.8, a 


*Since she presents no standard errors or any measures of dispersion, their significance is not certain, 
but the consistency of the trend lends support to her position. 
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value which would lead us to believe that the means obtained by both of 
the above groups of investigators are extreme. 

On the chance that our group was too well selected we have computed 
the mean for our total group of 300 dementia praecox—representative 
(181) and non-representative (119)—obtaining a mean of 110.0, still 
higher than that generally reported. An examination of the mean and 
distribution of our non-representative group (the mean is 120.7) leads us 
to suspect that the group of investigators first mentioned may have 
either dealt largely with non-representative cases or with a great pre¬ 
ponderance of hebephrenics (whose mean for our representative group 
is 129.4) or with both. We have no other way of reconciling our results 
with those ranging about a mean of 125. 

The extensive material of Kendig and Richmond offers some interest¬ 
ing comparisons with our data, although only a limited number of these 
can be made. Their main group of dementia praecox cases included It 
paranoid, 32 hebephrenic, 51 catatonic, and 14 simple. (The remaining 
patients were not classified as to type.) There were 66 colored in this 
group, whose type classifications are not given. Some figures are given 
for the whites only, however, and the rest of this discussion will be based 
on these 429 cases (their figures). Their medians are: CA, 26.8; educa¬ 
tion, 8.4; Stanford-Binet MA, 143; vocabulary score, 41. Our mean test 
results are somewhat higher; the difference in these large groups may be 
significant, but this cannot be determined since means and standard 
errors are not given. If both groups have a negative skew, which is 
usually the case in adult test results, medians will be somewhat lower 
than means, and the difference might be accounted for on this basis. It 
is also probable that they included a few cases which we would have 
called non-representative. In general, it seems i hat we are in fairly close 
accord in results in terms of central tendency. 

Il is also of interest to compare results on the separate items. The 
rank correlation is +.95. In only a few instances are differences in 
percent passing larger than 15. Kendig and Richmond compared their 
psychotic and normal groups on item performance by inspecting the 
percents failing each item, and considered a difference of five percent at 
any level of failure to be significant. It is not possible to make any very 
exact comparison of their analysis and ours because of the considerable 
differences in technique, but we quote their general conclusions (p. 70) 
which are in close accord with ours, 

"Since our findings are so similar with whatever group we compare the praecox, it 
is warrantable to combine and summarize them. The following list, then, represents 
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the tests which in general are more difficult for the praecox than for the *‘normal”, 
the paranoid, and, fmm the 10-year level down, the detective: 

Mainly Eductwe * 

Fabler XII-5 and XVI-2 
Abstract words: XI1-2 and XVI-3 
Vocabulary: XIV-1 
Induction: X1V-2 
Problems oi fact: XIV-4 
Ball and field: V1II-1 and XII-3 
Dissected sentences: XII-4 
Pictuies: VII-2 and XII-7 
Absurdities: X-2 
Comprehension: X-5 
Differences: V1I-5 
Similarities: XII-8 


Mainly Non-eduUm 

Digits forward: VII-3, X-A, and XIV-A 

Digits reversed: IX-4 

Designs: X-3 

Heading and report: X-4 

00 words: X-G 

Date: IX-1 

Weights: I X-2 

Syllables: VI-6 

Malamud and Palmer (1938) have used the 1916 Stanford-Binet, 
short form, for an extensive comparison of three groups of 100 subjects 
each: schizophrenics (39 hebephrenic, 17 simple, 12 catatonic, 15 
paranoid, and 17 unclassified), organic psychosis (44 central nervous 
system lues, 17 alcoholics, 31 senile, and 8 miscellaneous), and sub¬ 
normals, but since they limited their subjects to those with MA’s be¬ 
tween 8 and 12 years (the mean for each of these groups was 126) who 
were cooperative and had no handicaps other than those specified, their 
material is hardly comparable. After a careful analysis of their 
material, they conclude that “deterioration” is manifested chiefly in 
activities requiring the directional control of thought. This is not far 
from our own findings. Although the point of view differs they would 
appear to mean such activities as we have named conceptual and associa¬ 
tive thinking. However, in addition to disturbance in these functions, 
we found considerable disturbance in immediate memory and in some 
other types of performance which do not appear in their analysis. 

♦This includes all items classed bv us as conceptual and associatee thinking, except X VI-4, XVI-6, 
and XIV-6, and also all vocabulary and definition items. 
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MANIC-DEPRESSIVE 

This group comprises manic, depressed, and intermediate types; it is 
too small to subdivide. Piotrowski (1937) without adducing data, 
remarks on the large difference between the different, types of manic- 
depressives, and the argument against lumping them into one group 
applies here as well as to dementia pruccox typos especially since individ¬ 
ual patients change in different stages. We do so combine them with 
the comment that the group is mixed, although in this particular in¬ 
stance, it is not as heterogenous as it might at first appear to be. Psy¬ 
chometrics are rarely attempted in the acute stages, and when they are, 
are almost never representative. Most of these patients were examined 
during comparatively quiescent periods, i.e., near the nonnal. It is 
apparent that the group very closely resembles the nonnal in age, educa¬ 
tion and occupation. This is also true of all tost results. Furthermore, 
on item analysis, no significant or possibly significant differences were 
found. 

Curtis (1918) excluded manic-depressives from her study of psychotics 
on the ground that they were so near the normal. Wells and Kelley 
(1920) reported on 43 manic-depressives of various types. The median 
age was 47, and the mean Stanford-Binet score 171 (computed from their 
IQ frequency distributions); although their group is older than ours, the 
Binet means are quite close (ours was 166). 

Barnes’ (1924) manic-depressive group would probably have an aver¬ 
age score considerably lower than the one reported here, although it 
cannot be determined accurately from her data. The rank correlation 
for her items with ours is +.90. 

Dearborn (1931) stated, “the more purely manic-depressive a psy¬ 
chosis is, the less deterioration it causes in the mind”. 

Michaels and Schilling (1936), found for 23 manic-depressives a Binet 
score of 169 months (14.1 years), higher than ours by less than throe 
months. 

Jastak’s (1937) 23 manic-depressives had a much lower mean Stanford- 
Binet than ours—149—with a vocabulary score of 52, MA equivalent 168. 

The group of Kendig and Richmond (1940), 65 cases, had a median 
MA of 148, very close to Jastak’s. 

It is apparent that there is some disagreement, Barnes, Jastak and 
Kendig, and Richmond report similar low averages, while Curtis, Wells 
and Kelley, Michaels and Schilling and Dearborn roughly agree with 
ours. It is not apparent why any of these groups should be lower than 
the others. This was also the case with Barnes’ paranoid group. 
Possible selective factors in this instance cannot be determined directly 
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from her material or by inference from her specific interest, which is a 
little obscure (vide her remarkable peroration), nor do the others give 
sampling data. 

In contrast to the above findings, there are several recent studies from 
England on the relationship between manic-depressive insanity and 
feeblemindedness. Duncan, Penrose and Turnbull (1936) reported a 
survey of all the patients in Severalls Mental Hospital, and D unc an 
(1936) later reported a more detailed analysis of these results for the 
manic-depressives. Patients were classified as certifiably feebleminded 
(apparently imbecile or lower), dull but not certifiable, and normal in 
this way, “Mental capacity was rated partly on the patient’s ability to 
answer a few standardised questions, taken from Binet’s Mental and 
Scholastic Tests, of which the reading tests were found to be the most 
useful. The patient’s past history and also the school record were taken 
into consideration ..." (p. 238). They found a 17.3% incidence of 
mental defect and a 23% incidence of dullness and noted that the manic- 
depressives and epileptics had the “strongest association” with lower 
mentality. In the schizophrenics they found a 38% incidence of mental 
defect. In the new admissions, the figures were 24% for schizophrenics 
and 27% for manic-depressives. 

Duncan analyzed the material for 287 manic-depressive patients, and 
found, by these standards, 24% to be feebleminded and 22% dull, or 46% 
subnormal, but he felt that figures on new cases are perhaps more ac¬ 
curate and gave for 81 of them a 6% incidence of feeblemindedness and 
a 21% incidence of dullness, and states “these figures . . . imply an 
etiological factor more common than any other which has been suggested 
for this form of psychosis”. It seems necessaiy to point out only that in 
a sample selected at random from the general population a 6% incidence 
of feeblemindedness—by similar standards— is not far above expectation 
and cannot possibly in itself be taken to indicate any association with 
manic-depressive psychosis*. Apart from this, we know nothing about 
the representativeness of the examination beyond a remark, in answer to 
a critic, that it was surprising how well many of the patients cooperated, 
although the use of school history in making the final rating probably to 
some extent effects unrepresentative results. Nor is their use of “a few 
standard questions” legitimately comparable to a standard psychometric 
examination. This is hardly the place for a criticism of his discussion of 
the clinical similarities between manic-depressive and feebleminded 

♦Wechsler (1920) puts the incidence of feeblemindedness at 3%, basis unspecified, but very probably 
the army report which gave 2.08% of the white draft as having an MA under 10 years. On the theory 
that the draft was somewhat low, the figures are discussed ana rather casually revised by Davies (1928) 
who gives 5.3% as his estimate. Burt (1937) gives the incidence in the British Isles as varying from 
1)4% to 3% in different districts, by somewhat more exact criteria than those used by Duncan. 
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behavior—although we feel he is working from unsound premises—or for 
an analysis of the data on heredity presented by him, and by Slater 
(1936) who refutes him. If does, however, appear, that his group of 
manic-depressives is almost certainly lower than ours in general mental 
level, and this should be noted, although it is impossible to make direct, 
comparisons. Certainly his conclusions are not at all in accord with 
ours and those of most other American workers, but whether this dis¬ 
crepancy results from different diagnostic criteria for the disease, differ¬ 
ences in representativeness of psychometric results, or differences in 
technique, cannot be determined on the evidence available. 

Slater (1936) who criticized the work of Duncan and his associates at 
length, and who also reported further work on inheritance stated, “The 
rather small evidence, then, that we have is such as to suggest a negative 
answer to the question Ts there any relation between manic-depressive 
insanity and mental defect? 9 ” 

PSYCHOPATHIC PERSONALITY WITH PSYCHOSIS 

This group is significantly younger than the normal. The Taussig 
distribution does not give much information about the group as a whole, 
since half of them have no occupation—these are mostly younger women 
who had remained at home until their hospitalization. Mean test 
results are close, but in one instance differ significantly, viz,, digits 
forwards. 

Three items showed significant differences: induction (XIV-2), presi¬ 
dent and king (XIV-3), and arithmetical reasoning (XIV-5). Two had 
possibly significant differences: defining abstract words (XII-2) and 7 
digits forwards (XIY-7). 

Curtis (1918) observed that these cases arc very near the normal. 

Michaels and Schilling (1936) found for 38 cast's diagnosed as psy¬ 
chopathic personality (not distinguished as to whether they were with 
or without psychosis) a mean Binet of 164, somewhat higher than ours 
(156). The ages are not given. 

Wells and Kelley (1920) reported on 8 eases of “constitutional psy¬ 
chopathy” whose median age was 34. Their mean Stanford-Binet 
score was 163. 

Kendig and Richmond (1940) reported a median MA for 65 cases of 
psychopathic personality with psychosis of 147,9 months lower than ours. 

PSYCHOPATHIC PERSONALITY WITHOUT PSYCHOSIS 

Like the preceding group, this is younger than the normal, but the 
educational mean is practically the same. There are six with no occupa- 
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tion. All results from the Stanford-Binct approximate the normal; 
neither for means nor separate items is any P less i han .05 (see figure 5). 

The 60 eases reported by Ketidig and Richmond (1910) had a median 
MA of 147, compared with our mean of 156. It is of interest that the 
mo«ma for both their groups are identical as are those for our two groups, 
with and without psychosis. 

PARANOID CONDITION 

In age and education the group is very like the normal; in occupation, 
although they do not differ significantly, there are relatively more in the 
professional and fewer in the skilled labor group. Mean tost results are 
very similar except for digits forwards which shows a difference with a 
P of less than .02. 

This is reflected in the item analysis, the only significant difference 
being for 7 digits forwards (XIV-7). Free association (X-6) has a 
possibly significant difference with the paranoid group surpassing the 
normals. 

The four cases included in the paper by Wells and Kelley (1920) have 
a mean Stanford-Binet score of 187. Michaels and Schilling (1936) 
found for their 15 cases diagnosed paranoid state, a mean Stanford-Binet 
of 156. 

Jastak’s (1937) 4 cases of paranoid condition had a mean Stanford- 
Binet score of 154, the lowest reported. Their mean vocabulary MA 
was 168, score 52, also lower than ours. The Kendig-Richmond median 
MA was 161 for 41 diagnosed as paranoid state. Our mean is 165. 

PSYCHONEUROSIS 

This group is younger than the normal and somewhat better educated. 
There were 8 with no occupations. Mean test results are all extremely 
close. In general, the neurotic group is slightly higher lhan the normal 
on item performances (figure 5), and the difference is significant for 
4 items and possibly so for 2, as listed below: 

.05>P>.02 I* <.02 

Designs (X-3) Free Association (X-6) 

7 Digits Backwards (XVIII-5) Dissected Sentences (XI1-4) 

Clock (XIV-6) 

Repeating passage (XVIII-4) 

Prideaux (1921), in an essay on the psychoneuroses, presented per¬ 
centages showing the incidence of various types at different levels of 
school history, noting that constitutional inferiority was found with 
lower grade aments, conversion hysteria more frequently among high 
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grade aments and anxiety and obsessional states more often among the 
higher groups. 

Tcndler (1923) has argued that the psychoneuroses occur chiefly in 
persons of low normal intelligence and result from the social situation 
engendered by this. In the present study the mean Stanford-Binet for 
neurotics was slightly higher than the normal, although not significantly 
so. Tcndler found a median MA of 14.3 (172) for normals picked up 
hero and there and a median MA of 12.0 (144) for “patients at a nerve 
clinic for psychoneurotic conditions.” The difference was a significant 
one. An examination of the tests ho used will clear up some of the 
apparent discrepancies in the findings of the two studies. These were: 
cancellation, dotting, rote memory, Knox cube, Marble Statue, W. & W. 
substitution, W. & W. hard directions, Trabue completion, number 
checking, free association (Pyle). Of all of these only the Trabue Com¬ 
pletion Test would be accepted as a test of “general intelligence” 
(verbal). On this his normals scored a median MA of 13.6 and his 
neurotics one of 14.0. On the memory test (Marble Statue) their median 
MA’s were identical—18.0. On the other tests they fell sufficiently be¬ 
low the normals to make the final composite median much lower. The 
functions he tested are certainly not those which are commonly con¬ 
sidered as being fundamentally involved in general intelligence. Speed 
is of considerable importance in a number of the tests of his battery, and 
it is not surprising that a neurotic population should show poor achieve¬ 
ment in this. 

The sub-groups by neurotic types show interesting differences. His 
median MA’s were: neurasthenics, 10.7; psychasthenics, 12.1; hysterics, 
13.6 Insofar as speed is a factor, one would expect the neurasthenics to 
be most affected, and the hysterics least; the effect in the neurasthenics 
was apparently sufficient to pull the whole neurotic groups significantly 
below the normal level on the composite score. When the psychoneu¬ 
rotics of the present study are classified according to this same scheme, 
the medians for Stanford-Binet are: neurasthenic (8) 12.3; psychasthenic 
(3) 14.9; hysteric (16) 14.3. It is apparent that here also the neuras¬ 
thenic group is lower than the hysteric (there are too few psychasthenics 
to consider), hut it does not follow that the type of neurosis results from 
the original MA level of the patient. It is much more likely that the 
different types of neurosis affect different functions in different degrees. 

Curtis (1918) mentions the hysterics and psychoneurotics as being 
approximately normal. Schott (1931) found that in 450 cases of all 
types of disorder 18 were above 120 IQ and these were chiefly psy¬ 
choneurotics. 
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Holling worth (1920: 88), on the basis of a number of miscellaneous 
tests, among which is the Stanford-Binet, reports an average MA of 12.6 
(151.2) for 114 psychoneurotics. He also presents data for different 
types of psyehoneurosis: 177 hysterics, 11.9 (142.8); So neurasthenics, 
13.0 (156.0); 10 psychasthenics, 11.9 (178.8). This combined group of 
384 subjects gives an approximate mean MA (determined from his 
frequency distribution) of 11.9 (142.8). It would seem that the dis¬ 
crepancies between Hollingworth’s results and ours cannot be evaluated 
because of the different tests which are involved. The Ilollingworth 
results arc neither consistent with Tendlcr\s nor with ours. 

Wechsler (1929) bases a discussion of intelligence in relation to psy¬ 
ehoneurosis on the above work of Ilollingworth and Tendler. He ad¬ 
vances the view that psychological studies have indicated that the 
intellectual level of psychoneurotics is lower than that of normal in¬ 
dividuals of corresponding social and economic status. As already 
indicated, this is not corroborated by our findings. 

At one point, he modifies this view somewhat. Ho indicates that the 
mean level of the psychoneurotics arises from a bimodal distribution, the 
modal points occurring at the 11-12 and 16-17 year levels. He draws 
the conclusion that the psychoneurotic comes from both ends of the 
intellectual scale rather than from the middle. Age level frequency dis¬ 
tributions of our representative neurasthenic cases (n = 8), representative 
hysterics (16), representative cases of other types of psychonourotics 
(12), total representative psychoneurotic (n=36), and total non- 
representative psychoncurotic (n = 48) give no indication of such bi¬ 
modality. 

A further point made by Weclislcr is that psychoneurotics have' a more 
irregular performance on the Stanford, ?>., they “scatter” more than 
normals. A comparison of the Pressey scatter of the present group of 
psychoneurotics with that of a comparable group of normals (n = 5l) 
taken from a study on scatter (Harris & Shakow 1938) gives a mean of 
19.9 for the former and 18.4 for the latter, indicating an absence of such 
difference. In inter-individual variation, as well as in the intra-indi¬ 
vidual variation just discussed, our results do not corroborate Weehsler’s 
statement about greater variability in the psychoneurotic. The stand¬ 
ard deviations of our psychoneurotic and normal groups differ very lilt le. 

We have already discussed the fact that our results are consistent with 
Tendler’s in showing hysterics to have a higher mean level than the 
neurasthenics. Wechsler accepts Hollingworth’s result in this respect, 
viz., “hysterics, at least, those who show conversion symptoms, have on 
the average the lowest mental level.” 
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Our results, thus, do not corroborate Wechsler’s conclusion from the 
Tendler and Hollingworth studies in either of these respects, or with 
regard to the type of test in which they do more poorly. 

Jastak’s (1937) 7 psychoneurotics had a mean Stanford-Binet score of 
176, vocabulary score of 58, equivalent MA of 179. Both are higher 
than ours. The 26 psychonourotics reported by Kendig and Richmond 
(1940) have a median MA equal to our average, i.e., 169. 

In an as yet unpublished study on therapeutic results in psychoneu¬ 
rosis, Malamud and Gottlieb* report on 256 cases, including the various 
types of the disorder. The mean MA level of their total group is 174.6 
months on the Stanford-Binet, somewhat higher than our mean of 169.1. 
The difference may be accounted for by the fact that their sample was 
drawn from a psychopathic hospital (Iowa), an institution which is more 
likely to get a higher proportion of patients with good prognosis than is 
a state hospital. Since there appears to be a relationship between high 
intelligence and good prognosis in psychoneurotics (their “recovered” 
group had a mean of 178.2 and their “not recovered” group one of 166.2) 
there is some basis for this conjecture. The MA’s by types are as 
follows: hysteria, 177; psychasthenia, 177; mixed, 173; anxiety, 172; 
neurasthenia, 169. These results are roughly harmonious with Tendler’s 
and ours with respect to the lower level of the neurasthenics. 

Thus with respect to level the Malamud-Gottlieb data corroborate our 
findings as well as those of Jastak and Kendig and Richmond and pre¬ 
sumably those of Schott and Curtis that psychoneurotics are at least of 
normal level. They offer no support to the contentions of Tendler, 
Hollingworth and Wcchslcr that psychoneurotics are of below average 
intelligence. 


WITHOUT PSYCHOSIS 

This large group comprises individuals who were sent to the hospital 
for examination and declared without psychosis (and, by inference, not 
feebleminded, not neurotic, and not psychopathic). This group in¬ 
cludes most of the adult delinquents referred by the courts for examina¬ 
tion to determine possible mental involvement. Causes for examination 
of the other cases are varied; they may be summed up as involving con¬ 
flict of a severe sort between the individual and the environment. The 
diagnosis of “Without Psychosis” implies that in the judgment of the 
psychiatric staff this conflict is not due to the presence in the subject of 
mental abnormality of a kind usually necessitating hospitalization. 
Although in no case was the psychiatric diagnosis “Feeblemindedness” 

*Wc are grateful to Drs. Malamud and Gottlieb for their courtesy in giving us access to their data. 
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made, it is probable that there is an intellectual defect present in some 
of the group; it is also highly probable that a more rigid diagnostic 
scheme would have classified some as neurotics and some as “Psycho¬ 
pathic Personality without Psychosis.” This group is significantly 
younger than the normal, but very like it in education and occupation. 
All mean test results arc lower, vocabulary and digits forwards 
significantly so, and Stanford-Binet score possibly significantly so. 

Chi-square analysis reveals a number of significant differences (all 
except for X-6, in favor of the normal): digits backwards at IX, compre¬ 
hension (X-5), free association (X-6), digits forwards at X, abstract 
words (XII-2), vocabulary at XIV, induction (XIV-2), president and 
king (XIV-3), arithmetic reasoning (XIV-5), and digits forwards at 
XIV. Of possible significance are: digits forwards at VII, fables (XII-5), 
difference between abstract terms (XV1-3). The disturbance thus 
seems to be more concentrated on memory items, including vocabulary 
and to a small degree on thinking items (see figuke 4, page 389). 

It seems apparent, from this analysis, that the occasional practice of 
using such a group as this as a “Normal” group for comparison with 
psychotic populations is decidedly unsound. They are certainly not 
“Normal” in the sense in which this term should be used in such a 
connection. 

Cornell and Lowden (1923) found for 25 non-psycliotic cases at the 
Boston Psychopathic Hospital, a median Binct of 108—apparently a 
non-psychotic group of much higher level than comes to a state hospital 
such as ours. 

SUMMARY 

Table 11 shows the groups which differ significantly from the normal 
in mean scores. 


Tabmd 11 

Summary of Significant Diffkrknoks isntvvioen Mhanh 
of Resprnsrntative Hospital Groups and a Normal Group 



.05>P>.02 

P<.02 

StrB 

WP 

OP; CA+; DPII; DPU 

Voc 

GP 

DPH; WP 

DP 

AA 

GP; CA+; DPP; DPH; DPU; 
PP+; PC; WP 

DB 


GP; CA+; DPH; DPIT 
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Four groups, two organic and two dementia praecox, have significantly 
lower means on total Stanford-Binet score. These same groups are also 
the only ones which have significantly lower means on digits backwards 
although eight of the groups are lower on digits forwards. In general, 
score on digits backwards seems to be rather more closely related to 
“general intelligence” than to rote memory*. Obviously, rote memory 
ability must provide an upper limit but the closeness with which this is 
approximated seems to be due to some other factor. The without 
psychosis group shows a possibly significant difference in total Stanford- 
Binet score, but not on digits backwards. 

The situation with respect to vocabulary score is discussed in con¬ 
siderable detail later in this section because of the amount of recent work 
on the point. It suffices here to point out that this study confirms others 
in finding vocabulary tests relatively less often and less severely affected 
than arc other types, but we found them not unaffected. 

It is notable that 8 of the 15 groups here considered differ significantly 
from the normal in mean performance on digits forwards, and one shows 
a possibly significant difference. The only groups not affected in this 
respect are the catatonics (here probably a selected group as indicated 
above), the simple dementia praecox, the manic-depressive and the non- 
psychotic psychoneurosis, psychopathic personality without psychosis 
and chronic alcoholism without psychosis groups. In some of these it 
may be that there is a specific memory loss (particularly in the paretic) 
but this does not seem to be the case generally. In all probability the 
low results on digit repetition reflect a lowered attention span, particu¬ 
larly for material that is essentially non-meaningful, rather than a 
memory difficulty involving recall. These groups are not consistently 
lower on sentence memory. It should be noted further that in the case 
of the normal group, the mean digits forwards score is believed to have 
been artificially somewhat lowered by the presence of an end error, for on 
the Stanford scale no more than 8 digits are given even though the sub¬ 
ject repeats these correctly. This error naturally exists only at the upper 
levels, but the result is that here the true psychotic-normal differences 
arc probably diminished. 

It has been generally observed that paretics show deficiencies in im¬ 
mediate rote memory, even beyond their general low level, but most 
investigators have not noted this in other groups; there has been, how¬ 
ever, no very careful study on this point. Wells and Kelley (1920) 
thought this performance little affected. Wentworth (1923) stated that 
dementia praecox patients in her “a” group (deterioration to a generally 

♦Fry (1930) reports an r of +.730 for digits backwards and IQ in 227 male white prisoners. 



422 


ANNALS NEW YORK ACADEMY OF SCIENCES 


low level, consisting mostly of liebophronics) could do bettor on digits 
than sentences, and the higher ones of this group could repeat digits well 
above their MA level. In her “b” group (definite blocking of thought 
processes) she noted memory for digits forwards to be *'peculiarly in¬ 
tact.” Her comparison is with MA level of each subject and since her 
mean MA is 125, her findings do not necessarily contradict ours. 
Schwartz (1932) in reporting on the application of Babcock’s test, gives 
for each test a figure representing the sum of the MA’s of all subjects on 
that test expressed as the percent of the sum of their MA’s on vocabulary. 
For repetition of digits this is 69, ?.e., Schwartz’s dementia praecox cases 
were poorer at this than at vocabulary if Babcock’s MA equivalents for 
digit repetition can be accepted. 

Simmins (1933), using a “test of memory for recent impressions of 
words, numbers, and pictures”, found that memory scores with “g” 
eliminated were within the normal range in all groups except paresis and 
epilepsy. Dearborn (1927), however, without citing any data, lists the 
fields in which intellectual regression is chiefly manifested and stresses 
as the most conspicuous and commonest of these a lowering of voluntary 
attention and a virtual or real lessening of the power of memory and 
recall. Rouvroy (1936: 525) comments among his conclusions that 
various authors have most frequently found disturbances in memory 
more marked than in other intellectual functions. The group on which 
he bases this generalization appears to contain only general paretics. 

For readier reference, the means of our groups on digits forwards are 
assembled in table 12. In the column for the representative groups, 
those whose difference from the normal moan of 6.7 has a P of .02 or loss 
are in italics, those with a P between .05 and .02 followed by a question 
mark. 

In general it is clear that the disorders with the severer clinical mani¬ 
festations are the ones showing the greatest divergence from the normal*. 

Table 13 lists each item for which significant differences between 
normal and psychotic were found, together with the groups in which 
these occurred. Parentheses around the symbol indicate 4 that the differ¬ 
ence was in favor of the hospital group. In only one item was this true 
of all differences—free association (X-6). In other items it occurred only 
for the psychoneurotic group and on one item for the paranoid dementia 
praecox group—memory for designs (X-3). The free association test 
was given to comparatively few of the normal group because it so fre¬ 
quently disturbed the subjects and it was noted that some of them com- 

*The catatonic dementia praecox would seen to belie this, but we have already discussed the sampling 
situation m this group, which is somewhat different from that in the others. 
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Table 12 

Means for Digits Forwards for Representative 
Hospital Groups and the Normal Group 


It 

Normals. 6.7 

MD. 6.7 

DPS. 6.6 

PN. 6.5 

DPC. 6.5 

PP-. 6.3 

CA-. 6.3 

PP-f. 6.2 

DPP. 6.1 

WP. 6.0 

PC. 6.0 

AA+. 6.0? 

DPU. 6.0 

CA+. 5.8 

GP. 5.5 

DPH. 5.5 


plained that the test made them “feel foolish”. Observations of 
behavior seemed to indicate that the test was sometimes an index of 
emotional stability (Weisenburg, Roc, & McBride 1936: footnote p. 59). 
Dearborn (1927), in discussing results with psychotics, speaks of this 
item as being “rather erratic”. The test was omitted frequently as a 
matter of policy with the patient group so that only very small groups on 
which to make comparisons on this item are available. Too much con¬ 
sideration should therefore not be given to it. Since it was generally 
true however, that the percent passing this item was higher for the 
psychopathic groups (in 11 of the 15 instances) a more careful study 
seems warranted. 

Each item is given a discriminative value as before. In table 14 the 
discriminative valium are arranged in rank order. 

The highest discriminative value for any item is 7, which appears only 
for 7 digits forwards (XIV-7). This reflects, as does 6 digits forwards 
(X-7) with a discriminative value of 5J>£, the definite general lower per¬ 
formance on tills test among individuals with mental disorders which is 
seen in the differences in the means. Here the difference appears in only 
the second and third highest levels, where the distributions vary the 
most. 

The five other tests with a discriminative value of 5 and above— 



















Table 13 


Significance of Differences on Items Between Representative 
Groups and a Normal Group 



.05>P>.02 

P = .02 or less 

Tally 

VII-1 

Fingers. 



0 

2 

Pictures. 



0 

3 

5 DF. 



0 

4 

JBowknot. 


DPU 

1 

5 

Differences. 



0 

6 

Copy diamond... 



0 

7 

Days week. 



0 

8 

3 DB. 

WP 


a 

VIII-1 

BaU & field. 

DPU 

DPII 

1*3 

2 

20-1. 



0 

3 

Comprehension.. 


DPII; DPU 

2 

4 

Similarities. 

DPH 


} 2 

5 

Definitions. 

DPII 


A 

6 

Vocabulary. 


DPII 

1 

IX-1 

Date. 

GP; DPU 

DPH 

2 

2 

Weights. 

GP; DPI! 


1 

3 

Making change.. 



0 

4 

4 DB. 

DPP 

GP; DPH; WP; DPU 

4>i 

5 

Sentence con. 

CA+ 

GP; I)PH; DPU 

S l 2 

6 

Rhymes. 


GP; DPII 

2 

X-l 

Vocabulary. 

DPP 

DPH; DPU 

2* i 

2 

Absurdities. 


GP;CA+; I)PP; DPH; 





DPS; DPU 

6 

3 

4 

Designs. 

Reading. 

DPH; DPS; (PN) 1 * 
DPU 

GP; (DPP) 

GP 

2, (l'i) 
1J 2 

5 

Comprehension.. 


GP; DPP; DPII; DPS; 





DPU; WP 

f) 

6 

Free assoc. 

(DPC) (PC) 

(PN) (WP) 

(4) 

7 

6 DF. 

CA+ 

OP; DPP; DPII; DPU; WP 


8 

Rep. 22 syll. 

DPH 

GP; DPU 

2} < 2 

XII-1 

Vocabulary. 

CA+ 

GP; DPII 

2 1 2 

2 

Abstr. words.... 

OA+;PP+ 

DPII; DPU; WP 

4 

3 

BaU & field. 



0 

4 

Dissect, sent. 


(PN) 

(D 

5 

Fables. 

CA+; WP 

GP; DPP; DPH; DPU 

5 

6 

5 DB... 

CA+ 

GP; DPH 

2*2 

7 

Pictures. 


GP; DPH 

2 

8 

Similarities. 


OP; DPII 

2 

XIV-1 

Vocabulary. 


WP 

1 

2 

Induction. 

DPP; DPC 

GPjCA-; DPII; PP+; WP 

0 

3 

Pres. & king. 

CA+ 

GP; DPP; DPU; WP; PPf 

r>i 2 

4 

Problems. 

DPP; DPU 

GP; DPU 

3 

5 

Arith. reas. 

DPU 

OP; DPII; PP+; WP 

4'i 

6 

Clock. 

OA+; DPII 

(PN) 

1 (i) 

7 

7 DF. 

DPP; PP+ 

GP; CA+; DPII; DPU; 

7 




PC; WP 


XVI-1 

Vocabulary. 



0 

2 

Fables. 


GP; DPII; DPU 

3 

3 

Abstr. words.... 

WP 

GP; DPII 

2} 2 

4 

Enclosed boxes.. 

DPU 

GP; DPH 

2' 2 

5 

6 DB. 



0 

6 

Code. 



0 

7 

Rep. 28 syll. 

GP; DPH 


1 

XVIII-1 

Vocabulary. 



0 

2 

3 

PajDer cutting,... 

DPH 

DPII 

1 

l A 

4 

Thought pass.... 


(PN) 

(i) 

5 

7 DB . 

(PN) 


(A) 

6 

Ingenuity . 



0 


♦Items in parentheses indicates difference in favor of psychotic group. 
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SUATAIARY OP DISCRIMINATIVE VALUE OF ITEMS IN 
I? KPRE8ENT ATI VE/NORM AL COMPARISONS 


Tally 

Item 

7 

6 y 2 

XIV-7 

6 

X-2, X-5, XIV-2 

5!* 

X-7, XIV-3 

5 

XII-5 

•Ua 

IX-4, XIV-5 

4 

(X-6), XII-2 

3} a 

IX-5, X-3 + 

3 

XIV-4, XVI-2 

2« 

X-l, X-8, XII-1, XII-6, 

XVI-3, XVI-4 

2 

XIII-3, IX-1, I X-6, XII-7, 

XII-8, XIV-6** 

m 

VIII-1, X-4 

1 

VII-4, YIII-6, IX-2, (XII-4), 

xiv-i, xvi-7, xmim, (xvm-4), 

(XVI1I-5) 

✓ 2 

VII-8, VIIW, VIII-5, XYIII-3 

0 

MI-1, MI-2, VII-3, VII-5, MI-6, 

VI1-7, VIII-2, IX-3, XII-3, 

XVI-1, XVI-5, XVI-6, 

XVIII-1, XVIII-G 


“■l 1 2 of litis in fa\or of psychotic groups. 

**l of this in f«m»i ol psychotic groups. 

induction, detection of absurdities, comprehension, fables, and president- 
and-king—are all tasks involving conceptual thinking (comprising half 
of the items of this type in the scale), a function which seems generally 
affected by psychosis. We are apparently here approaching the core of 
the psychotic’s intellectual difficulties. Indeed it seems to us that, 
proceeding along these lines, it may well be possible to arrive eventually 
at a roughly reliable, objective measure of the extent of these difficulties 
in the individual, and perhaps a further diagnostic discrimination on 
the basis of them. 

The items at and below distribute themselves among the various 
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types of functions and do not permit of clear generalization. The prob¬ 
lem will be further considered in connection with the various diagnostic 
types but at this point it seems reasonable to conclude that, aside from a 
special difficulty with repeating digits, psychosis seems to affect primarily 
conceptual thinking. 

Dearborn (1927) mentions derangement of conceptual association in 
general, frequently resulting in abolition of the power of inference, as one 
manifestation of intellectual regression. 

Bolles (1937) in a stimulating paper reported the results of a qualita¬ 
tive analysis of the behavior of aments, dements and children of the 
same MA on various sorting tests; she found that the task of organizing 
a miscellaneous group of objects was pursued on different levels of 
abstraction. She noted that both aments and dements responded in a 
“concrete” way on tests in which either a “concrete” or “abstract” 
response was possible but that the normal children were capable of both 
types of behavior, and succeeded when the task necessitated abstract 
behavior whereas the others failed. Her groups were small and she 
made no attempt to check her results statistically for significance. 
Although we have not done so, either, the trend is clearly as she reported. 
The task involved is analogous to those we have designated “conceptual 
thinking”. She did, in fact, give Binet items VII-5, VIII-1, X-2, XII-2, 
XII-5, and XII-8 in addition, the only one showing marked differences 
being X-2 (absurdities). 

The number of significant item differences found for each group are 
tabulated below. The first figure gives the number of differences in 
favor of the normals; the figures in parentheses, when they occur, the 
number in favor of the patient group. 


1 . Hebephrenic D.P.20 

2. General Paresis.23 1 y 

3. Unclassified D.P.17 

ITotal Dementia Praecox.... 13J >\ 

4. Without Psychosis.10; (1) 

6. Paranoid D.P. 8; (1) 

6. Chronic Alcoholism 

with Psychosis. 0 

7. Psychopathic Personality 

with Psychosis.4 


8. Simple D.P..2 1 2 3 4 * 6 7 y 

9. Paranoid Condition. l l y, ( l y; 

10. Catatonic D.P.1; (>y) 

11. Chronic Alcoholism 

without Psychosis.1 

12. Acute Alcoholism.0 

13. Manic-depressive.0 

1*1. Psychopathic Personality 

without Psychosis.... 0 

15. Psychoneurosis.0; (6) 


The parotic and the hebephrenic are types which “deteriorate” 
generally in the clinical sense. In the case of the chronic alcoholic with 
psychosis we have shown that it is apparently the psychotic process 
rather than the alcoholism per se which brings about the decrement in 
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function. As regards the unclassified dementia praecox and the without 
psychosis groups little can be said. Some similarities in test performance 
between these two latter groups may be noted; in both the clinical 
picture is a very indefinite one and the groups are probably hetero¬ 
geneous. 

If we consider the dementia praecox groups we find the hebephrenic 
affected by far the most—in fact it is the most strikingly affected of all 
the diagnostic groups. The unclassified group is next most affected with 
the paranoid following; the simple and the catatonic are relatively little 
affected. The paranoid dementia praecoxes are generally considered 
rather less disturbed cognitively than the other types, but this more 
extensive analysis shows them to be affected to some extent. That the 
catatonics in this group come so close to the normal is in one sense some¬ 
what misleading with respect to catatonics in general. The cases in¬ 
cluded in this analysis are only those on whom a representative test 
could be obtained. This criterion excludes all mute and excited cata¬ 
tonics. Since, in general, the more severely affected catatonics are less 
accessible for psychometrics than the equally severely affected members 
of other groups, this catatonic group is relatively a selected one. On the 
other hand, there is also the clinical fact that catatonics have a better 
prognosis than any of the other schizophrenic groups. 

The three alcoholic groups show relative positions which emphasize 
the importance of psychosis over alcoholism per se. Acute alcoholic 
psychosis shows no significant item differences though the lower mean 
performance on digits forwards has some degree of significance; the 
chronic alcoholics without psychosis fall significantly below normal on 
only one item; the chronic alcoholic with psychosis group, however, are 
in sixth place in the list, and means for Stanford-Binet score, digits for¬ 
wards and digits backwards significantly lower than the normal. 

The paretics are second on the item list with, in addition, four signifi¬ 
cantly lower means, a fact which reflects the generalized disturbance in 
this group. 

The position of the without-psychosis group, fourth on this item list, 
with significant^ lower performances on vocabulary, digits forwards and 
a possibly significantly lower mean Stanford-Binet score, is rather sur¬ 
prising at first glance. The nature of the items showing differences as 
well as the definitely lower vocabulary score gives weight to the suspicion 
of a poorer group with regard to general intelligence. If one adds to this 
the great heterogeneity of the group with its almost certain inclusion of 
borderline psychopaths as well as persons below normal intellectually, its 
position becomes more reasonable. 
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The psychoncurotic group shows no significant mean differences and 
in numljer of significant item differences is at the extreme of the distribu¬ 
tion since all of these differences are in their favor. The manic-depres¬ 
sive group is in no instance significantly different from the normal. The 
two psychopathic-personality groups distinguish themselves somewhat. 
The group with psychosis differs significantly in mean for digits forwards 
only and ranks seventh in item differences with a tally of 5. The group 
without psychosis does not, differ significantly from the normal either in 
means or in any of the items. The paranoid condition group ranks with 
the catatonics; it has one significant mean difference—digits forwards— 
and an item tally of one. 

It is of some interest to know the ways in which these differences 
distribute themselves. Table 15 gives for the different diagnoses the 
number and percent of items of different types which show significant 
differences (P==<.05) in favor of the normal group. Considering 
only those groups which have been affected in some way it will 
be seen that the paretic group is predominantly affected in conceptual 
thinking and immediate memory with some scattering effect on other 
types of functions. Chronic alcoholism with psychosis is more or loss 
evenly affected in all functions in a relatively mild degree. Among the 
dementia praecox groups, the hebephrenic is affected generally, but 
particularly in conceptual and sustained associative thinking and 
vocabulary. The paranoid is primarily affected in conceptual thinking, 
and the unclassified more or less evenly affected in all categories, with 
some predominance of conceptual thinking. Psychopathic personality 
with psychosis shows an effect in conceptual and sustained associational 
thinking. The without, psychosis group is primarily affected in con¬ 
ceptual thinking, immediate memory and vocabulary. 

Vocabulary and General Test Performance 

Since some special problems arise in connection with vocabulary, the 
present section has been reserved for a discussion of the relationship 
between vocabulary and general test performance. 

There is an increasing tendency to view the score on vocabulary tests 
as a comparatively accurate indicator of the original mental level of 
psychotic subjects, and the extent of divergence from this level on other 
tests as, approximately, the extent of deterioration. Babcock’s work is 
well known and will not be discussed in detail here. There arc a number 
of studies following and, for the most part, confirming hers. A few of 
these may be briefly mentioned. 

Schwartz (1932) followed Babcock’s technique although he expresses 



Table 15 

Percentage of I tems of Different Types Showing Significant Differences" 

in Representative/Normal Com parisons __ ^ 

' LRO (10) || LI (15) 1| TAJ (7) H TAB UP- 1 TC (10) 
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♦Items where difference is in favor of psychotic group are omitted. 
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his results rather differently. He concluded, “Thin test, when found to 
be scientifically sound, may he profitably used as an auxiliary criterion 
to differentiate amentia from dementia and benign mental processes 
from malign mental afflictions.” 

Wittman (1937), in a somewhat uncritical study on 217) patients, some 
of whom were retested, found Babcock’s test of value, and stated that 
her results tended to corroborate 1 Babcock’s use of the vocabulary scale. 

BothSimmins (1933) and Ilarbinson (1930) have measured deteriora¬ 
tion of ‘g’ by the discrepancy between scores on ‘g’ tests and vocabulary 
tests in psychotics. In another paper Simmins (1935) stales, “It is 
probable that the vocabulary scores of patients suffering from general 
paralysis of the insane cannot be accepted at. their face value as measures 
of earlier intelligence”. 

Davidson (1937) calculated the discrepancies between the vocabulary 
scores (MA equivalents of score on first, list converted by a table, of 
unspecified origin, differing slightly from that given by Tcnnan) and the 
Stanford-Binct scores of 71 schizophrenics, comparing them with “a con¬ 
trol group of 202 normals of similar ago range” (no further specification). 
Her normals were 3 months higher on vocabulary than on Hlanford- 
Binet, her schizophrenics 30 months. Retests on deteriorating schizo¬ 
phrenics and non-deteriorating manic-depressives showed an increase in 
the discrepancy score in the first group, but not. in the second. In a 
later study, her group of manic-depressive patients had a mean vocabu¬ 
lary MA 25 months higher than the Binet MA, and the schizophrenics 
a mean vocabulary MA 47 months higher than the Binet MA. When 
she sub-divided the groups by ago, she found the discrepancies to be 
greater in the older groups. 

Jastak’s study (1937) compares mean Stanford-Binct IQ, vocabulary 
IQ (based on his norms for children) and Army Individual Performance 
Scale Quotient for 100 patients in various diagnostic groups. In all of 
the psychoses, what he calls the “hospital pattern,” />., mean vocabu¬ 
lary IQ highest, Stanford-Binct IQ next and performance IQ lowest, 
appears; in the without psychosis group, the vocabulary is again highest 
but performance quotient is next. For the total psychotic group, 
discrepancies between the quotients arc all significant. (I)/an 3.0). 
He does not consider what these relations are in a normal group. Fur¬ 
ther his control group is one diagnosed without psychosis and such 
material does not provide an acceptable inference group. It is clear, 
too, as will be shown in detail later, that it is generally true in normal 
adults that vocabulary MA by current equivalents is higher than total 
Stanford-Binet MA. Until proof is adduced from a satisfactory control 
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group one must accept with caution Jastak’s assumption that in a 
normal group performance achievement runs at a higher level than does 
Stanford-Binet achievement. 

Altman and Shakow (1937) made such comparisons between matched 
groups of schizophrenics, normals, and delinquents. Their technique of 
comparison is relatively elaborate and not readily comparable to other 
studies, but they establish a reliable difference between the higher dis¬ 
crepancy score (sigma scores) of schizophrenics and those of normal 
subjects and delinquents of the same MA. 

Wechslor (1939) in analyzing the performance and verbal portions of 
the Bellevue Intelligence Test found a median IQ difference for ages 
20 to 49 of 8.4, and that in IQ ranges below normal the performance IQ 
tended to be higher than the verbal. The reverse held for the IQ ranges 
above normal and to about the same extent. These results are very 
suggestive and indicate the need for further careful research. 

Kendig and Richmond (1940) give median Stanford-Binet and vocabu- 
ary mental ages for various groups. These are tabulated below: 


Median Median 

N Stanford-Binet Vocabulary 

Nurses. 217 15-1 15 

Employees. 129 13-0 12 

DP Total White. 429 11-11 12 

Hebephrenic. 32 11-6 10 

Simple. 14 10-7 9 

Catatonic. 51 12-0 12 

Paranoid. 41 12-4 12 

Paranoid Condition. 41 13-5 15 


Unfortunately, median vocabulary is reported in terms of years and 
ineidan Stanford-Binet in terms of years and months, so that it is not 
possible to make accurate comparisons. Apparently, however, the 
hebephrenic and simple are lower on vocabulary and the paranoid con¬ 
dition higher. 

It seems to be generally true in psychotics, that performance on such 
vocabulary tests as the one included in the Stanford-Binet is higher, by 
current MA equivalents*, than performance on other tests of mental 
functioning although this is not so invariably true, as, for example, 

*The present is not the occasion for an extensive discussion of the fallacies inherent in the system of 
expressing adult, scares in terms of MA, although they largely and specifically affect all work of this 
sort. In our opinion, the use of a standard of reference from a different universe throws considerable 
doubt on the work that has been done on adults. We must consider, too, the further factor that age, 
within the limits of maturity, apparently affects vocabularly little (Shakow & Goldman) but does affect 
other performances, such as analogies, performance and memory tests, adversely. It is possible that a 
considerable part of the greater discrepancy which Babcock has found between vocabulary and her 
other tests (largely memory items) in general paretic and dementia praecox groups when compared with 
normal subjects, may be accounted for by the lower chronological age which one estimates her standard¬ 
ization group to have had. 
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Rouvroy (1930) implies. But il seems not to have occurred to most 
investigators to make' certain first whether t his is not also the ease among 
normals. In fact, there is considerable evidence that, by these same MA 
standards, there is also a discrepancy in the same direction among 
normal adults, although it seems to be of lesser extent. Before one can 
make any legitimate deductions about this relationship among psy- 
chotics its limits among normals must be known. 

Fry (1930), reporting on adult prisoners, found a mean MA of 155 on 
the Stanford-Binet, and a vocabulary score of 52 which has a Terman 
equivalent of 170. Shakow and Millard (1035) in a study of 150 adult 
delinquents, reported a mean MA of 110 and a vocabulary score of 51, 
which is equivalent to an MA of ION. Delinquents do not comprise an 
ideal “normal” group, of course, but the results arc of some corroborative 
value. In the Kondig-Richmond study, results for nurses were the 
same, but the employees were lower on vocabulary. The ages of these 
groups are not known. 

In the normal group used in the present study, the mean Stanford- 
Binet score was 164, and the vocabulary 51.5, which has an MA equiva¬ 
lent of 175. Davidson’s normals wore three months higher on vocabu¬ 
lary, as noted above, but it should be noted also that, she used only the 
first list, which might affect the results, although perhaps to no great 
extent. The 86 normals in the study by Altman and Shakow (1937) 
mentioned above, had a mean MA of 151 and a mean vocabulary score of 
46, equivalent to an MA of 156. Their 56 representative delinquents 
had a mean Stanford-Binct MA (without vocabulary) of 157 and vocabu¬ 
lary of 51.4, equivalent to an MA of 169. 

Not only is it clear that among normals, vocabulary MA is usually 
higher than Stanford-Binct MA but there are some indications that the 
amount of the discrepancy varies with chronological ago. Vocabulary 
score in adults is comparatively little affected by ago until late maturity. 
This is true of very few other tests and hence it is inevitable that, by the 
usual MA conversion system, the discrepancy between the results on the 
tests increases with increasing age. The (lata for the decades in the 
normal group used here arc given below: 




ST-B 

Terman 

Total 


Age 


Voc 

MA 

StrB 

Dis¬ 

Range 

N 

Mean 

Equiv. 

MA 

crepancy 

20-29 

15 

52 

170 

166 

4 

30-39 

21 

57 

180 

173 

7 

40-49 

13 

56 

178 

166 

18 

50-59 

13 

56 

178 

151 

27 
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The groups are small, but the trend is very clear, and the discrepancy 
in the fifties is as groat as that of the highest of our psychotic groups 
from the normal. 

If we arrange our groups by mean age, and note the amount of the 
discrepancy between vocabulary M A (Torman and Babcock equivalents) 
and total Stanford-Binet MA, we have the data presented in table 16. 

Table 16 


Relationship between Chronological Age and 
Discrepancy between Terman and Babcock Vocabulary 
Mental Age Equivalents in Representative and Normal Groups 


Group 

Mean CA 

Discrepancies 

Terman 

Babcock 

PP+ 

24 

7 

10 

f PP- 

25 

8 

10 

\ DPC 

25 

15 

9 

WP 

26 

8 

12 

/ PN 

28 

4 

2 

\ DPU 

28 

22 

24 

DPH 

29 

17 

27 

DPS 

31 

16 

15 

DPP 

34 

23 

18 

MD 

35 

18 

11 

Normals 

36 

11 

8 

fPO 

40 

19 

12 

1 AA 

40 

22 

18 

GP 

41 

27 

31 

CA- 

42 

20 

17 

CA+ 

44 

19 

22 


The rank correlation between mean age and discrepancy by Terman 
equivalents is +.72, by Babcock's equivalents +.59. By either, it is 
certain that there is considerable relationship between the measure and 
chronological age, and this must be discounted before valid conclusions 
can be drawn. 

It seems reasonable then that part of the discrepancy found in certain 
psychotic groups may be accounted for on the basis of the inadequacy of 
the MA equivalents and the varying effects of age on different tests. 
Nevertheless there does seem to be a residue associated with psychosis. 
Before accepting the latter as the explanation for this remaining dis¬ 
crepancy, however, another factor must be considered. This is the 
possibility that the discrepancy itself may have an inverse relationship 
to Binet score. If such a relationship should exist, the greater discrep- 
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ancy in disordered subjects would, at least in part, be accounted for 
since there is a greater frequency of lower scores in (hose groups than in 
normal subjects. 

The only study, to our knowledge, which has taken this factor into 
consideration is that of Allman and Sluikow. They find (1937 : 527) 

a "slight trend which.indicates that 1 he subjects with the lowest 

MA show relatively better vocabulary performance than other subjects, 
and vice versa.” (The correlations run from —.10 to —.50). Borne part 
of the remaining discrepancy is then probably to be accounted for by 
this relationship with score. 

There is reason for believing, however, that the final residue of dis¬ 
crepancy may with some justification be related to psychosis. This may 
have either of two bases. The relatively greater vocabulary achieve¬ 
ment may be due to the fact that the psychotic continues to cling to 
verbal contact with the universe as a last support when other—more 
concrete—relationships with it have boon abandoned. This might tend 
to keep the vocabulary level up even when other aspects of mental 
functioning have suffered. The other, and perhaps more reasonable, 
hypothesis is that vocabulary is one of the most stable of functions (c/. 
Shakow & Goldman) and is as little affected by psychosis as by age. It 
is also a test, as Jastak (1937) has pointed out, which has a large number 
of items, thus giving the subject more opportunity for achieving his real 
level. 

There is still another explanation which should be given consideration. 
It may possibly be that the relatively lower standards for acceptable 
achievement on the vocabulary test fit in best with the psychotic’s 
generally lowered efficiency. lit' is therefore less penalized by the ap¬ 
proximate answers which he is likely to give and which this test accepts. 
This results in an apparent—but spurious - superiority in performance 
over that in other types of tests. The cogency of this argument could 
bo determined rather simply by administering vocabulary tests involving 
different degrees of stringency of definition. 

It seems reasonable then to conclude that only part of the discrepancy, 
undetermined in amount, found in favor of vocabulary in psychotic 
groups is to be accounted for by psychosis. The other parts are to be 
accounted for by unsatisfactory MA equivalents and scoring systems, 
by age and by depression of mental level. 

Throughout the above discussion the generally accepted notion of the 
adequacy of vocabulary as an indicator of original mental level lias been 
taken at its face value. Certain of our results would raise grave doubts 
as to the validity of this assumption. Obviously, the most satisfactory 




ROE AND SIIAKOW: INTELLIGENCE IN MENTAL DISORDER 435 


test of the adequacy of vocabulary for this purpose would be to compare 
vocabulary scores with test scores obtained before the onset of psychosis. 
Since these are almost never available, we may, for purposes of discus¬ 
sion, accept the only measure of pre-psychotic performance which is 
available to us, i.e ., educational level, despite the fact that the unsatis¬ 
factory nature of this measure also cannot be denied. In addition to the 
considerable variation of school standards both in time and place, 
numerous other objections could be raised. Because of these objections 
there is little justification for using this measure in the case of the in¬ 
dividual. There is considerably less objection to its use for groups, 
however, since there is no reason to believe that a systematic error of 
any degree of importance is introduced. 

For the purpose of the present argument the educational ratings are 
converted to MA equivalents* and compared with the vocabulary 
equivalent. It seems reasonable to believe that any tendency towards 
the raising of the educational level, whether due to automatic rather than 
earned promotions or to any other cause, would be compensated for by 
cases in which the psychosis must have started early with its probable 
deterrent effect on school achievement. If anything, the latter probably 
plays a greater role than the former so that the school attaimnent in¬ 
dicated by the means may with some justification be taken as conservative. 

Table 17 gives the equivalent MA ratings for vocabulary and educa¬ 
tion, the discrepancies between these measures and between them and 
MA. It will be noted that there are two marked cases of discrepancy in 
favor of the educational equivalents: hebephrenic, 28 months, and 
general paresis, 1C months. (The discrepancies in the two feebleminded 
groups are not considered since the problem at this low MA level is 
probably quite different). This would indicate that in the case of these 
rather severe psychoses the vocabulary level, while a better indicator of 
original endowment than tftanford-Binet score, is still probably far from 
an adequate indicator of this level. 

For purposes of comparison with other studies we have also presented 
in table 17 the MA equivalent of vocabulary by both Tennan’s (1925: 
25) and Babcock’s (1930) tables 15 *. Note that in every instance the 
vocabulary mean is the higher. It must be remembered that vocabulary 

♦Since the educational constants used in this study refer to grades completed the equivalent is 
determined by adding G to these means. A slight error creeps m, due to the fact that no correction is 
made for the shifting of educational standards w hich has occurred with the passage of time. How ev er, 
since none of the means for chronological age is over 44 years, the error is believed to be sufficiently 
small so as not to invalidate the argument, which with the data at our command can m any case be 
established only veiy roughly. 

**Babcock started with Terman’s table, but she apparently thought the equivalents too low at the 
lower levels and too high at the upper ones, so she revised the norms to meet these deficiencies. She 
does not however state the basis for her revision. It is this revised table of norms which she uses to get 
her efficiency index. 



436 


ANNALS NEW YORK ACADEMY OF SCIENCES 


score is included in total Slanford-Binct score increasingly as the levels 
rise, and that, since vocabulary is generally higher, the differences noted 
in the tabic are artificially lessened. 

By cither conversion it is apparent that, generally, organically based 
psychoses show the greatest diffeicnees, then the dementia praecox, and 
then the more benign varieties. Note the reversal of position of the 
paranoid and hebephrenic dementia praecox groups for the two sets of 
norms. This is due to the fact that, from Babcock’s manipulation of the 
Terman norms it inevitably results that those with higher vocabulary 
scores are heavily penalized, and that those with lower scores are favored, 
although the difference is less at the lower end. 

In summary, it seems legitimate to conclude that there is in all groups 
a discrepancy between vocabulary and other scores favoring the former. 
This discrepancy in the case of the psychotic (particularly the schizo¬ 
phrenic, in whom it is greatest) may be accounted for in several ways. 
A certain proportion is due to the intrinsically greater difficulty, by 
Terman standards, of other tests compared with vocabulary. A certain 
proportion is probably due to the generally lower functional mental level 
of many psychotics (especially schizophrenics) and since there is some 
degree of inverse relationship between discrepancy and MA level, the 
discrepancy would be greater in such groups. The relatively more 
lenient scoring and the greater number of items in the vocabulary tost 
may also be factors. In some groups, age plays an important role. But 
there is, finally, a residual discrepancy which docs seem to be associated 
with psychosis. This is of two kinds: (1) where there is no apparent 
reduction of vocabulary but some effect on other tests; (2) where there is 
an effect both on vocabulary and on other tests but relatively greater on 
the latter. Examples of the second are the hebephrenic and paretic 
groups. It may bo that it, is only in cases such as the latter that, one is 
justified in suspecting “deterioration”. 

Variation 

There has been considerable discussion, especially in the British litera¬ 
ture (Thomson 1932), of the problem of the variation in IQ distributions. 
Table 18 presents standard deviations of both Binet scores and IQ’s for 
the various diagnostic groups and for the normal group*. It will be 
noticed that the standard deviation of our normal group is 15.3 (in points 
of IQ for comparison with the discussion in the literature): a standard 
deviation of 15 has been accepted rather generally for children. Except 
for the feebleminded groups, which are not legitimately comparable, and 

*IQ f s have been computed on the basis of 100 for the normal group* 



Table 17 

Comparison of Mental Age Equivalents of Education and Vocabulary Scores 
in Representative and Normal Groups 
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two diagnostic groups (chronic alcoholism without psychosis and para¬ 
noid condition) which have practically the same standard deviation as 
the normal, the psychopathic groups arc all found to show greater varia¬ 
tion in IQ than the normal group although not all are equally significant. 
The groups having a P of < .02 for differences in variaf ion from 1 he nor¬ 
mal are the total unclassified and the paranoid dementia praecox groups 
and the group without psychosis; thost* with a P<.05 and >.02 are 
general paresis and hebephrenic dementia praecox. 


Table 18 


Variation of tub Rbpresbntativk and Norm u, ({roofs on 
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Score 

Hi 

Group 

N 

Mean k S.K. 

S.D. AH.K. 

Mean 

R.I). 

N 

05 

103.0 ±3.1 

25.0 1-2.2 

100.0 

15.3 

GP 

35 

132.1 ±5.4 

31.3 t3.8 

80.0 

19.1 

OA+ 

30 

145.9 ±5.4 

29.2 ±3.8 

89.0 

17.8 

(’A- 

12 

155.3 ±0.9 

21.0 J: 1.9 

91.7 

11.0 

AA 

17 

151.2 + 7.9 

31.5 fc5.<> 

91.1 

19.2 

DPP 

58 

154.8 ±4.4 

33.5 ±3.1 

91.1 

20.1 

DPII 

32 

129.4±5.1 

30.0J.3.8 

78.!) 

18.3 

DPC 

30 

101.8 ±5.3 

29.1 f 3.8 

100.5 

17.8 

DPS 

22 

155.5 ±7.1 

32.1 L5.0 

91.9 

19.8 

DPU 

38 

144.0 ±5.9 

35.0 t U 

87.8 

21.7 

DP 

181 

119.8 ±2.0 

31.511.8 

91.1 

21.0 

MD 

19 

100.4 ±7.5 

32.0 \ 5.3 

101.5 

19.5 

PP-f- 

22 

150.1 ±0.1 

29.4 I. 1.5 

95.2 

17.9 

PP- 

21 

150.1 ±0.9 

30.8 1 1.9 

95.1 

18,8 

PO 

22 

101.7 >5.5 

25.1 1 3.9 

100,5 

15.3 

PN 

30 

109.11 1.8 

28.5 1 3.1 

103.2 

17.4 

WP 

72 

152.7 l 1.0 

33.1 I 2.8 

93.1 

20.1 

FM+ 

00 

101.813.9 

18.0 1 2.7 

02.1 

11.3 

FM— 

27 

102.7 ±3.8 

18.1 1 2.7 

02.0 

11.2 


It is thus seen that psychosis or psychopathy tends to increase the 
variation of a group—this is especially true of the dementia praecox 
groups. This finding has already been brought out in a number of 
studies on schizophrenics, both psychological and physiological (Shakow 
& Huston 1936; Huston, Shakow, & Riggs 1937). 

Ranges, means, and standard deviations of these 1 groups on St anford- 
Binet score and on vocabulary score are shown in graphic presentation in 
figures 6 and 7. The groups in each instance are arranged in order of 




Figure 6. Stanford-Binet score: range, mean, and standard deviation. All repre¬ 
sentative groups and the normal. Figures in parentheses represent the number of 
cases in each group. The single line shows the range, the vertical line the mean, and 
the double line one standard deviation on either side of the mean. 

( 439 ) 




Vocabulary score: range, mean, and standard deviation. All repre- 
fn A^7?, ^ Up3 T^ {“IP® 1 - figures m parentheses represent the number of cases 

j single line shows the range, the vertical line the mean, and the 
double line one standard deviation on either side of the mean, ' 
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decreasing mean score, the vertical bar indicates the mean, the solid line 
includes one standard deviation laid out on either side of the mean. 

In figure 6 , Slanford-Binct score, the first 14 groups overlap exten¬ 
sively; the two feebleminded groups are clearly distinct, and the position 
of the paretic and hebephrenic groups between the feebleminded and the 
others is clearly shown. 

In figure 7, vocabulary score, the general picture is similar although 
the paretic and hebeplirenics are a little closer to the others. It is in¬ 
teresting to note the considerable skew which appears in several of these 
groups duo to an aberrant case in each. This phenomenon does not 
occur markedly on Stanford-Binct score, probably because of the much 
larger number of items as well as their variety. Ranges, on the whole 
do not differ more from the normal group than would be expected from 
differences in size and sampling*. 

Correlations 

Table 19 gives for the normal, and for each hospital group of sufficient 
size, N, r, z**, and S.E.z for six pairs of variables. 

For the normals, the correlation between MA and CA is —.18. For 
these groups it ranges from -.28 (simple dementia praecox) to +.31 
(catatonic dementia praecox). None of these is significant in itself, and 
there seems no general pattern. The sign tends to be positive with the 
younger and negative with the older groups. The relatively high posi¬ 
tive correlation in the catatonic group is almost certainly a function of 
the smaller age range—the group includes no persons over 40—and the 
possibly significant difference between this and the normal group 
(.05>P>.02) may therefore be discounted. 

Tho normal MA/education correlation is +.62. These groups vary 
around the normal from +.47 (unclassified dementia praecox) to +.72 
(hebephrenic), none of their z’s differing significantly from tho normal z. 
Again the extreme positions are held by two dementia praecox groups, 
but tho striking thing is the consistency of the results in all of the groups. 

For the normals there is a slight positive correlation between vocabu- 

•Note that the influence of size of the sample on the relationship between standard deviation and 
range (£. c., the smaller the sample, the larger the standard deviation m proportion to the range) is quite 
apparent in this type of graph. 

•♦For discussion of z, see Simpson and Roe (1939: 237). Fisher presents an extensive table for the 
transformation of r to z. The distribution of z departs much less from normality than that of r; it is 

nearly constant in form and S.E. z is simpler ===== ^,and practically independent of the 

value of the correlations in the given sample. While r varies between ± 1, the limits of z are » although 
it rarely goes beyond ±3 in practice (equal to an r of ±.995). Below an r of about ±.5, z and r are 
practically equal, but at the higher levels z has increasingly smaller steps. Note the effect in the correla¬ 
tions between vocabulary and JV1 A. Discussion in the text is largely confined to r since this is the better 
known measure, although estimates of significance of differences have been made on z. 
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lary and OA, +.16. Again for the psychotics, with two exceptions, the 
figures are remarkably dose, from +.01 to +.2*1. The others are +.41 
for the catatonics ami —.11 for the unclassified dementia praeeox groups 
—the two about equally distant from the normal. The differences are 
not statistically significant, and are undoubtedly related to the limited 
age range in each—there being no catatonic and only 3 unclassified 
dementia praeeox over *10. 

Vocabulary and MA (which includes vocabulary) seems the most 
consistent of all, the r\s ranging from +.70 (psychoneurosis) to +.92 
(paranoid dementia praeeox) with the normal at +.81. The z’s show 
the differences much more clearly, and, in fact, that between paranoid 
dementia praeeox and normal is a significant one (p<.02). The 
Stanford-Binet is, of course, a predominantly verbal test, and this high 
correlation is of considerable interest in the light of the tendency of the 
paranoid to verbalization. 

The normal vocabulary/digits forwards correlation is +.27, the psy¬ 
chotic ranges from +.25 (simple dementia praeeox) to +.67 (chronic 
alcoholic with psychosis). The tendency to higher correlation for 
these two variables is a consistent one but only the z for CA+ differs 
from the normal with possible significance (.05>P>.()2). 

The vocabulary/digits backwards correlation for the normals is +.38*; 
the psychotic groups range from +.39 (paretics) to +.66 (without psy¬ 
chosis); again, the tendency is to higher correlation. Only the largest 
difference (without psychosis/normal) is of possible significance (.05 > 
P>.02), but it is interesting that the three most divergent are the 
without psychosis, and the unclassified and hebephrenic dementia 
praeeoxcs, and that the feebleminded with psychosis (not included here) 
give a scatter diagram for these variables very like the ones for these 
groups. 

In the case of the vocabulary/digits forwards and the vocabulary/digits 
backwards correlations, the groups do not seem to bo in any particular 
order. 


COMPARISONS BETWEEN DIAGNOSTIC GROUPS 

In this chapter the normal group will be disregarded and comparisons 
will be made between various of the hospital groups. It is possible to 
compare each group with every other one, but only certain of the com¬ 
parisons are of real import for differential diagnostic and other reasons. 
The comparisons fall rather naturally into three sets: (a) between groups 
with disorders having some similarity but of different degrees of severity 

*Fry (1930) found this to be +*478 for 227 male white prisoners. 



Table 19 

Correlations in Representative \nd Normal Groups 
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—in certain instances the distinction being tlio presence or absence of 
psychosis; (b) between groups of disorders alike because of a presumable 
organic basis, and between an organic and functional disorder; (c) com¬ 
parisons among the various types of dementia praeeox. 

The first set includes: (1) the alcoholic groups; (2) psychopathic 
personality with and without, psychosis; (3) feeblemindedness with and 
without psychosis; (4) paranoid dementia praeeox and paranoid condi¬ 
tion; (5) psychopathic personality without psychosis and psychoneurosis; 
(6) manic-depressive and catatonic dementia praeeox. The second set 
comprises comparisons of paretic with psychotic and non-psychotic 
feebleminded, psychotic chronic alcoholic and hebephrenic. In all in¬ 
stances the groups include only representative examinations as in the 
preceding section. 

Comparisons between Groups with Similar Disorders 
THE ALCOHOLIC GROUPS 

Chronic alcoholism with and without psychosis, and acute alcoholic 
psychosis: 

Means 

Ago Ed St-15 Score Voc I)F DB 


Chronic Alcoholism 

with Psychosis. 44 G.9 146 50 5.8 4.1 

Chronic Alcoholsim 

without Psychosis. 42 7.2 155 55 6.3 4.5 

Acute Alcoholic 

Psychosis. 36 8.7 154 55 0.0 4.5 


Comparisons of these three typos of alcoholism indicate the acute 
alcoholics to bo the youngest, and the psychotic chronic alcoholics oldest, 
as might be expected. In amount of education the positions are re¬ 
versed. Of these differences, only the largest age difference is significant. 

Except for the large group of semi-skilled laborers in the non-psychotic 
chronic alcoholic group, the Taussig distributions are similar. 

No difference between moan test results is significant; that for psy¬ 
chotic chronic and acute alcoholic on Stanford-Binet score Inis a P be¬ 
tween .05 and .02. The difference between these groups in education 
has a P just greater than .05, but it should be noted that the occupational 
distributions are extraordinarily close; the educational difference may 
reflect differences in educational standards as affected by age. 

Item by item comparison reveals no surely signific.fl.nf, differences for 
the three pairs, and only two possibly so: the non-psychotic chronic 
alcoholics surpass the psychotic on problems of fact (XIV-4), and the 
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acute alcoholics surpass the psychotic chronic on dissected sentences 
(XII-4). In general non-psychotic chronic and the acute alcoholic per¬ 
formances arc very similar on both means and individual items, the 
psychotic chronic group tending to fall everywhere below these. 

Despite the paucity of significant differences, the findings are remark¬ 
ably consistent in indicating that psychosis is associated with deleterious 
effect on performance. Although the non-psychotic chronics are closer 
to the psychotic chronic in both age level and educational level, in per¬ 
formance on the test they are practically indis tinguisha ble from the 
acute alcoholics. 

It docs not appear that it is the period of alcoholic indulgence which is 
here involved since chronicity of presumably the same appro xima te 
degree is not associated with the same effect on the non-psychotic. 
Neither does it seem to bo a matter of original mental level since the only 
index of original level we have—education—is the same in both chronic 
groups. One is therefore forced to fall back on the hypothesis of per¬ 
sonality defects which are brought to the surface by differences in alco¬ 
holic tolerance. In one case, that of relatively low tolerance, a psy¬ 
chosis develops with the concomitant effect on test achievement. In the 
other, in which high tolerance is apparently the rule, no psychosis 
develops, and hence there is practically no effect on test achievement. 

PSYCHOPATHIC PERSONALITY WITH AND WITHOUT PSYCHOSIS 

Means 

Age Ed St-B Score Voc DF DB 


With Psychosis. 24 7.6 156 49 6.2 4.8 

Without Psychosis. 25 7.8 156 49 6.3 4.7 


The correspondence between these groups is extraordinarily close in 
age, education and mean test results. Taussig distributions show a pre¬ 
ponderance of the psychotic in class IV and of the non-psychotic in class 
V—largely a reflection of differences in the proportions of the sexes in 
the two groups. Although the differences are slight, it is to be noted 
that the non-psychotic group lias always a higher standard deviation 
than the other. There were no significant differences on items and only 
two items—both involving conceptual thinking—show differences of 
possible significance: fables (XII-5) and induction (XIV-2); on both of 
these the non-psychotic surpasses the psychotic group. 

TCWidig and Richmond (1940) reported the same median MA for these 
two groups. 
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FEEBLEMINDEDNESS WITH AND WITHOUT PSYCHOSIS 


Moans 

Ago Ed 8<-B Score Voo DF DU 

With Psychosis. 32 1.8 01 23 1.5 1.7 

Without Psychosis. 20 5.S 101 20 l.S 2.7 


Of these two groups, the psychotic an* older and loss well educated, but 
the Taussig distributions arc very like. The non-psycholio surpass the 
psychotic generally; on Stanford-Binct moan score the difference is 
possibly, and on digits backwards certainly significant. An itom-by- 
item comparison finds, in all blit seven instances (only one of those of any 
substantial degree), the non-psychotics to bo higher. Two of those 
differences, sentence construction (IX-5) and interpretation of pictures 
(XII-7) are significant, and three possibly so: counting backwards 
(VIII-2), designs (X-3) and dissected sentences (XII-I). On sentence 
memory (X-8) the psycliotics are significantly higher 1 . 

Some time ago the senior author made a study (unpublished) of 23 
pairs of feebleminded, one of each pair with, and oik* without, psychosis. 
The pairs wore matched for sex (11 female; 12 male) and mental age on 
representative examinations; chronological age was between JO and 50. 
Care was taken in each case that the differential diagnosis was clearly 
justified. Constants for the groups were* as follows: 

With Psychosis 



Range 

Moan and S.E. 

8.1). nndS.E. 

Age 

18-45 

30.6 ±2.0 

9.6 U.l 

Ed 

2-8 

3.9 t0.1 

1.810.3 

StrB 

62-132 

101.8 1:3.9 

18.612.7 

Yoc 

0 40 

27.1 J 1.8 

8.0 Li.2 

DF 

3 7 

5.1 1 0.2 

0.0 t 0.1 

1)1 i 

2-1 

3.0 >0.2 

Without Psyohohih 

0.8 ! 0.1 


Range 

Menu and H. 10. 

8.1). and S.R 

Age 

17-50 

26.0 11.9 

9.3 U.l 

Ed 

3-8 

5.910.4 

1.1 L0.2 

St-B 

64-139 

102.7 ±3.8 

18.1 1-2.7 

Voc 

2-46 

26.112.5 

11.713.8 

DF 

3-6 

5.010.2 

1.010.1 

DB 

2-5 

3.210.2 

J.010.1 


I* five instances (acute alcoholic psychosis, catatonic dementia praeeox, psychopathic personality 
witn psychosis, paranoid condition, and psycho neurosis) the psychopathic group surpassed the normal 
on sentence memory items, but the difference was usually not even of possible significance. The lest, 
as given in the Stanford, is probably not sufficiently finely graded. 
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Clii-square analysis of Stanford-Binet items showed no significant 
differences and only two possibly significant ones: sentence construction 
(IX-5) and dissected sentences (XII-4), both requiring sustained asso¬ 
ciative thinking. In both of these the uon-psychotic were higher 

In the group reported in the present study, more differences were 
found on individual items, but the difference in means for the two groups 
on Stanford-Binet score is too small to justify offering this as explana¬ 
tion. Psychosis apparently has a depressing effect on performance. 
This seems to be of long standing since there is already some indication 
of poorer performance in the lower school level achieved. 

Chipman (1935) in a study of 135 mental defectives at the Fernald 
State School found that “groups of individuals diagnosed mentally 
defective with psychosis” show a tendency to use a larger number of 
words superior to their mental rating than do mental defectives in whom 
no question of psychosis has been raised. This finding is consistent with 
the results reported here. 


PARANOID DEMENTIA PRAECOX AND PARANOID CONDITION 



Age 

Ed 

Means 
St-B Score 

Voc 

DF 

DB 

Paranoid Dementia Praeeox.... 

.. 34 

8.5 

155 

56 

6.1 

4.5 

Paranoid Condition. 

. 40 

9.1 

165 

59 

6.0 

4.9 


The dementia praeeox group is significantly younger with somewhat 
less education, probably a result of the earlier appearance of the psy¬ 
chosis. The Taussig distributions vary, particularly in classes II and 
III in which the percents arc roughly reversed. 

Except in the case of digits forwards, the better preservation of the 
paranoid condition group is reflected in the mean results which are some¬ 
what higher throughout. None of the differences approaches significance, 
however. The item analysis reveals no surely significant difference, and 
only one possibly so, that for absurdities (X-2), on which the paranoid 
condition is higher. 

PSYCHOPATHIC PERSONALITY WITHOUT 
PSYCHOSIS AND PSYCHONEUROSIS 

Means 

Age Ed St-B Score Voc DF DB 


Psychopathic Pers. 

without Psychosis. 25 7.8 156 49 6.3 4.7 

Psychoncurosis. 28 9.4 169 54 6.5 5.2 


These groups are very like in age, although the psychoneurotics are 
better educated. Taussig distributions are quite dissimilar but it should 
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be noted tlial only 02% of (ho psychopathic group and 00% of the psy- 
clioneurotic could bo rated. In all menu tost results the latter are 
high er, thought none of the differences a pproaohossigni (ion nco. Through¬ 
out the items, the psychonourotio group performance is more often the 
better, and in two oases significantly so: interpretation of pictures 
(XII-7) and the clock tost (XIV-0), both involving associative thinking. 

CATATONIC DEMENTIA PRAECOX AND MANIC-DEPRESSIVE 

Means 



Ago 

Kd 

St-B Score 

Voe 

DF 

DB 

Catatonic Dementia Praecox.... 

. 25 

0.9 

105 

57 

0.5 

4.8 

Manic-Depressive. 

. 35 

8.8 

100 

59 

0.7 

4.9 


Because of the interesting clinical similarities Ix'lwoon those two 
groups, it was thought worthwhile to make a comparison, and the results 
arc presented herewith. In view of the heterogeneity of the dementia 
praccox groups as a whole, no comparison between total demontia- 
praccox and manic-depressive groups has boon made 1 . 

The manic-depressive, group, although also hot erogenous, as previously 
stated, includes only hypo-manic and hypo-depressed patients, the ex¬ 
tremes of each falling in the non-representative classification. This is 
undesirable but unavoidable in our data. 

The catatonic group is significantly younger and slightly, but not 
significantly, better educated, probably an extension of the age differ¬ 
ence. Taussig distributions show some differences, but the groups arc 
small and these are not significant. 

In both distributions and means the Lost results art* strikingly close, 
and no significant differences worn found anywhere. Psychometric 
results are tlms in accord with the clinical ones. 

SUMMARY 

Except at the level of the feebleminded, psychosis when if has any 
specific effect seems particularly to disturb conceptual thinking. In the 
case of the feebleminded the (‘fleet seems more generalized, hut some- 

. *Thcrehave been severalstudies, in which comparisons between innnir depressive and mixed demen¬ 
tia praecox groups hove been made. In general, these studies have agreed in finding few or no marked 
differences between these two groans, although the Kendig-Kiehnumd (IJ>W) study reported that the 
manic-depressives were 11 months higher on median Stanford M A. Some comments should be made 
on a recent extensive study of this sort, that of I’iotrowski (MM7). Alt hough he found that "the differ¬ 
ence between the manic and depressed slates of the manic-depressive psychosis and among the four sub¬ 
groups of schizophrenia, are larger and more significant than the differences between th« two categories 
as wholes he,makes some intercomparisons, and then combines all of these groups, along with a scatter- 
lng of epileptics, general paretics, and others, in a total psychotic group. Comparisons are then made 
between this gT 9 up and a group of non-psyehoties, described only as having been examined at the 
rsycniatric Institute, or the Vanderbilt Clinic—presumably a group similar to our wit bout-psychosis 
group (about whose normality a question could be raised). These data iuelude also children, the 
total groups being subdivided by MA levels, From this rather heterogeneous material he constructs 
typieai btaniord-Innet promos of psychoties and non-psyehoties, which he proposes us an aid to their 
differentiation. Although it is possible that this can be done, the question may he raised as to whether 
ine mqiyiaual items of the Stanford have sufficient range for such a use or whether such a key can be 
applied to any particular type of psychosis. 
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what more on associative thinking*. In the other comparisons, too, 
the little difference which exists is in the thought items. 


Comparisons among Organic Groups, and 
between an Organic and a Functional Group 

GENERAL PARESIS AND CHRONIC ALCOHOLISM 
WITH PSYCHOSIS 



Age 

Ed 

Means 
St-B Score 

Voc 

DF 

DB 

General Paresis. 

. 41 

8.6 

132 

47 

5.5 

3.7 

Chronic Alcoholism 
with Psychosis. 

. 44 

6.9 

146 

60 

5.8 

4.1 


The groups arc similar in age, but the alcoholics are notably less well- 
educated and in the Taussig distributions, percentages in classes II and 
III arc roughly reversed, i.e., among the paretics are relatively more 
semi-professional or business and relatively fewer skilled laborers than 
among the alcoholics. Probably this is because there are no women 
among the alcoholics, although they comprise approximately one third 
of the paretic group; women fall for the most part into groups II and IV. 
A reason for the difference in educational level is not at once manifest, 
but it is possibly due to the fact that the person who becomes an alco¬ 
holic is more likely to have an early personality defect than the person 
developing paresis—one is the result of endogenous factors which proba¬ 
bly develop early wliile the other results largely from exogenous factors. 
In spite of this difference in education, the alcoholics are higher in all 
averages than are the paretics, although none of these differences is 
significant. On the item analysis, the alcoholics are also generally 
higher. Two differences—both in conceptual thinking—are significant, 
similarities (XII-8) and induction (XIV-2); two—involving immediate 
learning—are possibly so, 4 digits backwards (1X4) and 6 digits for¬ 
wards (X-7). 

Keeping in mind the fact that the alcoholic group may have been a 
poorer group to start with, it would appear that the disturbance due to 
paresis is considerably more profound than that due to the type of psy¬ 
chosis associated with chronic alcoholism. 

'"This may. however, be due to the lesser frequency of conceptual items at the level at which the 
feebleminded pass. 
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GENERAL PARESIS AND FEEBLEMINDEDNESS 
WITH PSYCHOSIS 

Menus 



Arc 

FA 

St.-B Score 

Voc 

OF 

DB 

General Paresis. 

. -11 

8.0 

132 

'17 

5.5 

3.7 

Feeblemindedness 
with Psychosis. 

. 32 

1.8 

01 

23 

1.5 

1.7 


The data for these show two completely dissimilar groups. The feeble¬ 
minded are younger, much less well-educated, ami with a few exceptions 
rated only in Taussig groups III to V. They are significantly surpassed 
by the general parefiis on all means and on a majority of the items be¬ 
tween VI and XVI years. The latter are so generalized that analysis is 
impossible. It is obvious that a group of paretics from whom represen¬ 
tative results are obtainable do not sink to the intellectual level of the 
feebleminded. This holds even in a non-representative group of pare¬ 
tics. A comparison of the non-representative group of paretics (page 
382) with this group of feebleminded still results in significantly higher 
means in the paretic group. 

The only way to obtain some idea of the profounder effects of the 
paretic process is to resort to a matching procedure. This, of course, 
necessitates taking the lower range of the paretic, group. In a study by 
the junior author (unpublished) in which 10 paretics were individually 
matched for sex and Binet score with 10 feebleminded with psychosis, it 
was found that the profiles of these groups were quite different. The 
paretics were consistently better on old learned items, both vocabulary 
and other types, whereas the feebleminded were consistently better on 
items involving immediately learned material and to some extent con¬ 
ceptual thinking. 

GENERAL PARESIS AND FEEBLEMINDEDNESS 
WITHOUT PSYCHOSIS 

Means 



Ago 

Kd 

St-B Score 

Voc 

IW 

DB 

General Paresis. 

Feeblemindedness 

. 41 

8.G 

132 

47 

5.5 

3.7 

without Psychosis. 

. 26 

5.8 

101 

20 

4.8 

2.7 


The picture here is very similar to the previous one except that the 
differences are not so sharply defined because of the relatively superior 
quality of the non-psychotic group. Since the significant item differ¬ 
ences are reduced in number it is possible to consider their distributions. 
It appears that the superiority of the general paresis group comes out 
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predominantly in vocabulary with a scattering in the classifications of 
the thinking category. The relatively greater effect of the paretic 
process on immediate learning is brought out by both comparisons 
(figure 8). 


GENERAL PARESIS AND HEBEPHRENIC 
DEMENTIA PRAECOX 



Arc 

Ed 

Means 
St-B Score 

Voc 

DF 

DB 

Geneml Paresis. 

. 41 

8.6 

132 

47 

5.o 

3.7 

Hebephrenic 

Dementia Praccox. 

. 29 

8.5 

129 

42 

5.5 

4.3 


A comparison of an organic and of a functional disorder is of interest, 
and for this purpose the paretic and hebephrenic groups were selected, 
particularly since they were groups which seemed profoundly affected by 
their respective psychoses. As would be expected, the hebephrenic are 
considerably younger, but educational level is the same, and occupational 
distributions are very like. 

Stanford-Binet moans differ by only 3 months; vocabulary score by 
only 5.4 words; digits forwards means are the same in the two groups; on 
digits backwards the paretics for the first time fall below the hebe- 
phrenics but the difference is not significant. On item analysis only 
one difference is significant: difference between abstract words (XII-2) 
(see figure 8). 

Wo can only conclude that the effect on Stanford-Binet performance 
of those two psychoses, one organic and one functional in origin, is not 
detorminably different in any meaningful way. 

SUMMARY 

The outstanding point in tliis series of comparisons appears to be that 
the paretic process has a much more profound effect on intellectual 
functioning than does the alcoholic process, but that this effect is not of 
such a degree as to bring the paretic down to the level of the feeble¬ 
minded—psychotic or not. Various lines of evidence point to the fact 
that in the paretic the old learning is least and new learning most pro¬ 
foundly affected. 

As between the effects in an organic condition—paresis—and a pre¬ 
sumably profoundly disturbed functional condition—hebephrenic— 
there is little to distinguish them in Stanford-Binet performance. 





pen CENT PASMNKi 



Figure 8. Percent passing each item: general paresis, hebephrenic dementia 
praecox, and feeblemindedness without psychosis. Representative groups. The, two 
psychotic groups are quite similar, and only once (VI1-2) fall aa low as Iho feeble¬ 
minded. The items are arranged in order of difficulty for the pare! ies. 

( 452 ) 
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Comparisons of Types of Dementia Praecox 

Table 20 assembles flic data for the comparisons between and among 
the various types of dementia praecox. It should bo noted that the 
mean ages vary from 2 1.8 for catatonic to 34.1 for the paranoid and that 
some of these differences are of some degree of significance. These 
result in large 1 part from the varying nature of the disease process and the 
stage at. which hospitalization becomes necessary. The groups have 
from 8.4 1o 9.9 years of education, none of the differences being signifi¬ 
cant. The Taussig distributions are rather different and can to some 
extent be ascribed to age differences. There is no describable trend. 

The relative ranking of the groups in the various mean performances is 
interesting. The catatonic are always in first or second place, the hebe¬ 
phrenic and unclassified always in fourth and fifth. On digits forwards 
and backwards, the simple arc first and they are second in total Stan- 
ford-Binet score. The paranoid are second in vocabulary and thir d 
everywhere else. In general, only the differences between the highest 
and the two lowest are significant. The Stanford-Binet score means 
(table 32 ) range from 139.4 (hebephrenic) to 164.8 (catatonic); the 
catatonic surpass the hebephrenic and the unclassified significantly, and 
the hebephrenic-paranoid difference is possibly significant. On Stan¬ 
ford-Binet vocabulary (table 33 ), the means range from 42.0 (hebe¬ 
phrenic) to 57.0 (catatonic); the catatonic and paranoid are significantly, 
and the simple possibly significantly, better than the hebephrenic. 
The means on digits forwards (table 34 ) range from 5.5 (hebephrenic) 
to 6.6 (simple). The simple, catatonic and paranoid groups and possibly 
the unclassified are all significantly better than the hebephrenic. On 
digits backwards (table 35 ) the range is from 4.1 (hebephrenic) to 5.2 
(simple). The simple are significantly better than both the hebephrenic 
and unclassified groups and possibly better than the paranoid. 

Item differences are summarized in table 21 and figube 9. The 
catatonics are not surpassed by any group on any item; their tally over 
the paranoids is 1 j £ (problems of fact, absurdities); their tally over the 
simple is 1 (memory for designs); over the unclassified 7)4 and over the 
hebephrenic 21)4- 

The paranoid tally 1)4 over the simple (memory for designs, 6 digits 
backwards); 4)4 over the unclassified, and 16)4 over the hebephrenic. 

The simple tally )4 over the paranoid (enclosed boxes); 1 over the un¬ 
classified (problems of fact and 7 digits forwards); and 10)4 over the 
hebephrenic. 

The unclassified tally 2 over the hebephrenics (s imil arities, rhymes, 
fables at XII); and the hebephrenic 1 over the unclassified (bowknot). 



Dementia Praecox Sub-gboups: 

Differences between Types and Significance of the Differences 
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*A11 P values not recorded are >.05. 
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It is usually the ease, whore there are .several differences for one item, 
that a number of the other groups surpass the hebephrenic and occa¬ 
sionally also the unclassified. This is not always true, however, and on 
the item with the largest tally, i.e., memory for designs (X-3), the situa¬ 
tion is that, both paranoid and catatonic groups are significantly better 
than all of the others. 

Of 1 he items with tallies of and 3, the differences seem to lie mostly 
in the conceptual and sustained associative thinking classifications. 
The striking differences come out finally in the hebephrenic group which 
show inferiority on these items in comparison with the catatonic, 
paranoid and simple groups, especially the first. 

As in the psychotic-normal comparisons made by them, Kendig and 
Richmond compared percentages of their various dementia praecox 
types failing each item, and apparently took a difference of 5 per cent or 
over as a valid one.* They found the paranoid to be “excelled” on 14 
tests by the hebephrenic, on 11 by the catatonic, and on 10 by the simple, 
but the significance of any of these is not clear. They also found the 
simple frequently superior to the other three groups. Their comment on 
this is of considerable interest (p. 60), “In general, the success of the 
simple praecox is scattered throughout the scale, but the recurrence of 
the digit tests in the list, together with syllables at 16 and designs at 10, 
suggests that their simple memory processes may be the best preserved.” 
Our simple group had the highest means for both digits forwards and 
digits backwards. 

It is not possible to compare our findings on the separate groups with 
those of Kendig and Richmond in great detail, because of the difference 
in approach. The situation is further obscured by their inclusion in the 
type comparisons of the colored patients, in unstated numbers in each 
particular grouj). Race differences on each item are considered by 
them for the total groups only. The further analysis of transpositions 
in order of difficulty of tests from one age level to another which they 
made in great detail for all of their groups, including their subgroups of 
dementia praecox, seems to us of questionable value. The Stanford- 
Binot when used with adults does not differ essentially from such tests 
as the Otis S. A. (although we consider it superior to the Otis in almost 
every way) in respect to the exact location of items in the series. Differ¬ 
ences in performance of any two groups on any given item may be of very 

* Comparison on this basis is of course not of statistical significance. It is possible to compare per¬ 
cents by the critical ratio technique but this is only admissible around the 50 percent point; this type of 
comparison is not valid at higher or lower levels. The chi-square technique, however, does give ac¬ 
curate information at all levels. 
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great impoitancc, but the serial location of tho item as, e.g., 27 or 32, ib 
of very little importance. 

The contents of this section confirm our earlier remarks about the 
fallacies inherent in the practice of merging dementia praecox groups. 
In summarizing tho results the remarks about tho probable selection of 
these cases from their total diagnostic groups must bo recalled, i.e., that 
it is likely that the eatatonics here reported are relatively more superior 

PvlUN ID Ml II I III M 
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in performance to the total catatonic group than is true of the repre¬ 
sentatives of the other types. The hebephrenics are certainly the most 
clearly set-off of any of the groups by reason of their consistent inferiority 
to all of the others, though this is slight in comparison with the unclassi¬ 
fied. The general superiority of the catatonic and paranoid to the other 
groups is almost equally apparent. The catatonic group somewhat sur¬ 
passes the paranoid generally and it is of interest that the items on 



Table 21 


Dementia Praecox Sub-groi'in 
Item Analysis 



Items 

•05>P>.02 

P= .02 or less 

Tally 

VII-4 

Bowknot 


OU; P>U; II>U 

3 LUO 

VIII-1 

Ball and field 


Oil; P>Il 

2 

2 

20-1 


0 

3 

Comprehension 


OU; P>I1;S>II 

3 TAS 

4 

Similarities 



0 

5 

Differences 



0 

6 

Vocabulary 



0 

IX-1 

Date 


OH; P>H 

2 

2 

Weights 


P>H 

1 

3 

Change 



0 

4 

4DB 



0 

5 

Sentences 

P>U 

C>U;C>1I; S>H 

zy 2 tas 

6 

Rhymes 

U>1I 

OH; P>II; S>II 

Z'A TAS 

X-l 

Vocabulary 



0 

2 

Absurdities 

C>P;C>U 

on 

2 TC 

3 

Designs 

C>H;OU;C>H; 
P>S; P>U; P>II 

6 LI 


4 

5 

Reading 

Comprehension 

C>U 

P>U 

OH; P>1I 

m 

2 

6 

Tree assoc. 


C>I£ 

1 

7 

6DF 

S>H 

OH 

(’>U;r>U 

l H 

8 

22 Syllables 


2 

XII-1 

Vocabulary 


OH; P>II 

2 

2 

Abstract words 


OH; P>H 

2 

3 

Ball and field 

S>H 



4 

Dissected sent. 

P>H 

Oil; 8>11 

2} 2 TAS 

5 

Fables 

U >H 

0>II;P>JI;S>H 

3 l A TC 

6 

5DB 

OH 

P>li; S>II 

2bZ LI 

7 

Pictures 

Oil 


Vz 

8 

Similarities 


Oil; P>H; U>II 

3 TC 

XIV-1 

Vocabulary 



0 

2 

Induction 



0 

3 

Pres, and king 



0 

4 

Problems 

S>U 

OP;OU;OII 

3' 2 TO 

5 

Arith. reas. 


P>11 

L 

6 

Clock 

P>II; S>1I 

1 

7 

7DF 

s>u 

Oil; OHjOll 

3*2 LI 

XVI-1 

Vocabulary 

ou 


.if 

2 

Fables 

c>u 

C>II 

3 

Abs. terms 

S>II 

/■S. 

V. 

V 

r— 

V 

l-p« 

2*| TC 

4 

Enel, boxes 

P>H 



5 

6DB 

S>P; S>II 


1 

6 

Code 

S>II 

1 

7 

28 syllables 



0 

XVIII-1 

Vocabulary 



0 

2 

3 

Pg>er cutting 


P>H 

1 

0 

4 

Thought passage 


Oil 

1 

5 

7DB 



o 

6 

Ingenuity 



0 


( 458 ) 
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which the cat atonies are superior are conceptual thinking problems. 

In addition to the above the inter-comparison of correlation coeffi¬ 
cients among 1 he types may also bo considered. (Correlations for these 
types are given with the others in taulk 19 whore they are compared 
with the normal.) There appear no differences with a P of .02 or less*. 
Then' were, however, four differences with a P between .05 and .02. 
The CA/MA correlations run from —.28 for the simple to +.31 for the 
catatonic. The difference between these two extremes is of possible 
significance as is also that between catatonic and unclassified. The 
smaller age range in the catatonics is probably a factor here. The 
MA/education correlations range from +.47 for the unclassified to +.72 
for the hebephrenic. The OA/vocabulary correlations, except for the 
catatonic, are reasonably consistent, ranging from —.11 for the unclassi¬ 
fied to +.13 for the paranoid. The catatonic correlation is +.44; the 
mean catatonic age differs from the paranoid with a P of .02 and from the 
hebephrenic and simple with a P between. 05 and .02. The catatonics, 
more than the* others are at ages in which vocabulary performance is 
apparently still increasing. The vocabulary/MA correlations range 
from +.80 for the simple to +.92 for the paranoid, and the difference 
between these extremes is of possible significance. The correlations for 
vocabulary and digits forwards range from +.25 for the simple to +.53 
for the unclassified, and for vocabulary/digits backwards, they range 
from +.44 for the catatonic to +.03 for the unclassified. 

Below are given the' ranks of each group, numbered from lowest to 
highest for three sets of correlations: 

Voc .and MA Voc and DF Voc and DB 


DPP. 5 4 2 

DPII. 2 2 4 

DPC. 3 3 1 

DPS . 1 1 3 

DPU. 4 5 5 


Although t he* vocabulary/MA correlations are throughout much higher 
than the vocabulary/digits forwards, the relative position of the groups 
are almost identical. This does not hold, however, for the vocabulary, 
digits backwards correlations. 

THE RELATIVE EFFECTS OF DISORDER AND OF 
NON-REPRESENTATIVENESS ON TEST PERFORMANCE 

The material on which this discussion is based has been presented 
above (pages 378-428), where the separate effects of these two factors on 

•"Differences computed from z’s as before. 
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test performance wore analysed in dot nil. Here an attempt is made to 
assess the relative influence of these two factors. Discussion will be 
limited to the seven groups: general paresis, paranoid, hebephrenic, 
catatonic and unclassified dementia praecox, manic-depressive, and 
psychopathic personality without psychosis. Wo may examine the 
mean performances for these groups in two ways in terms of differ¬ 
ences between normal and representative and between representative 
and non-representative groups which showed significance, and in terms 
of percents. 

Table 22 brings together the significant differences between the 
means. 


Turns 22 


Significance op Diffijrijnciis bmtwkijn Mlvns in Klpriisenta'iiym 
Normyl and RsritEMJNTvrrvK N()n-iu:i»rio,sknt\ti\l Oompuusons 



Represent at ivo/ N< >rnml 

Represent at 

ive Non-representative 


.05 > P > .02 

PS.02 

.05 > P > .02 

PtT.02 

St-B 


UP; DPH; DPU 


GP; DPP; DPI1; DP V 

Voc 

GP 

DPI! 



DF 


UP; DPP; DPII; 

DPI! 

I)P(\ MI) 



DPlTjPPf 



DB 


UP; DPIT; DPU 


DPII 


It is immediately apparent that then" an 1 more 1 significant differences 
between normal and representative than between representative and 
non-representative groups, and that then* are some differences in the 
individual groups in these respects, o.j/., significant differences in the 
catatonic and manic-depressive appear only in the latter and in the un¬ 
classified dementia praecox and the psychopathic personality with 
psychosis only in the former. 

Table 23 gives a series of percentages. In each instance, the first 
column gives the representative group mean expressed as a pen* cent of 
the normal mean, and the second column gives the non-representative 
group mean expressed as a percent of the represent alive mean. 

Again it is dear that the catatonic and manic-depressive are adversely 
affected only by non-representativeness; the paretic and hebephrenic 
are markedly affected by both the psychosis and non-repms<mtativonoss. 
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Tvblk 23 

] l EPItEh 10NT\TI\ K Ml.ANS \W PKKCKNTh OF THE NoOMAti MEANS AND 
Non-iuumiesentative Means \s Percents of thk Representative Means 



ttt-B Score 

Vocabulary 

r 

’=x 

Digits B 


Ii/N 

nK'K 

Ry N 

n i vh 

R/N 

nR/R 

R/N 

nR/R 

(IP 

81 

80 

87 

83 

82 

96 

76 

81 

DPP 

95 

88 

103 

87 

91 

95 

92 

93 

DP1I 

79 

81 

77 

71 

82 

89 

88 

77 

DPC 

100 

85 

105 

87 

97 

91 

98 

94 

DPU | 

88 

92 

92 

8(5 

90 

97 

84 

110 

Ml) 

101 

87 

108 

97 

100 

85 

100 

84 

PP+ 

95 

89 

90 

94 

93 

98 

98 

96 

Aver. 

91 

87 

95 

87 

91 

93 1 

90 1 

91 


(Comparisons of (ho results on the individual items arc not particularly 
illuminating but show some trends. A few items receive fairly high 
tallies in both groups. These are: 

Normal/Rep Rcp/Non-rep 


(living the date (IX-1). 

.. 2 

21 i 

(living rhymes (IX-6) .. . 

.. 2 

2 

Absurdities (X-2). 

.. 4 

3} 2 

Problems of fact (XIV-4 

. 3 

2 1/ 2 


There are a few items which are discriminative in more of the repre- 
sontativo/non-representativo comparisons than in the normal/repre- 
sentativ(‘ comparisons, but the differences are not great, and do not show 
any definite trend. It is apparent that the trend due to un-representa- 
tivonoss is similar to that found in the differences due to the disorder 
itself, that is, conceptual thinking seems to be the most affected. The 
item of giving the date is quite interesting—it is, in fact, a measure of 
contact with reality, and it is not surprising that both psychosis and 
representativeness should affect it. 


SUMMARY 

In effort, tlion, while ttiiforonrai between normal and representative 
abnormal groups an* greater and more numerous than those between 
representative and non-representative, the latter are m t e same irec 

tion and of the same nature as the former. . . 

In any research with abnonnals, the problem of t le xnc usion 01 ox 
elusion of non-representative results is the first one to be se e , an e 
answer depends upon the specific purpose. When non-represen a x\ e 
results arc excluded, the effect of this selection is clear, n compari 
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with normals the number of significant differences and the degree of 
significance will bo lessoned, and as a result, some true differences may 
not show up, but then 1 is greater certainty that differences which do 
appear are real differences. 

THE EFFECT OF MENTAL DISORDER 
ON INTELLIGENCE 

In most of the psychoses and psychopathies, we found deviations from 
normal intellectual functioning which, however, varied considerably in 
degree from one type of disorder to another. Those deviations were of 
two sorts: a general lowering of performance and a more marked lowering 
in some types of tests than in others. 

Tabx/k 24 lists all of the groups arranged in order of mean Stanford- 
Binct score. Some of these groups an 1 above 1 the normal, many only 
slightly below. Indeed, the first 12 on the list do not differ significantly 
from the normal, although the without psychosis group has a l y for the 
difference of between .02 and .05. It should be noted that there is only 
one non-representative group in this range 1 the psychoneurotic. 

The next mean score is seven months lower, and all of (la 1 representa¬ 
tive groups left differ significantly from the normal. The non-represen¬ 
tative are interspersed among these. Tin 1 order in which the groups 
appear is similar for the representative and non-representative sub¬ 
divisions (p is .864) and, with three exceptions, it is generally true that 
the severer the disorder in its clinical manifestations, the greater is the 
lowering effect on Stanford-Binet mean score. Manic-depressive and 
catatonic both have mean scores slightly above normal. The tests on 
the manic-depressive were all made during comparatively quiescent 
periods of the psychosis and it has boon widely noted that this group is 
not a “deteriorative" one. The representative catatonic group is be¬ 
lieved to be a relatively highly selected one. The other exception is the 
large group, without psychosis, to which we have already devoted con¬ 
siderable discussion. Its heterogeneity makes any definite 1 generaliza¬ 
tion impossible; wo can only note that it. is far from the 1 normal. 

Some part of this lowering, both general and specific, may be at¬ 
tributed to difficulties in attention, even wit h cooperative patients; but a 
postulated difficulty in attention alone cannot account for the significant 
and considerable general lowering in the organic paretic, and psychotie; 
chronic alcoholic anel the non-organic hebephrenic; and unedassified 
dementia praccox groups, nor, if this were all, would we have the marked 
differences between items. 



KOK AX D KHAKIHV: IXTEUAUEXCE IX MJiXTAL DISORDER 463 

Taiii.n 21 

Mkvn S'l ANKOnil-UlNKT HcOltKS OF Al.l (iBOIIPK 

Ami\N(iHD in Hank Oumon 




St-B Score 

p 


. 169.1 

l> 


. 166.4 

u 

It 

1} 

Cat atonic Dementia Praeeov. 

. 164.8 

. 164.7 

It 


. 163.6 

ll 

n 

■ > 

Psychopathic Personality s Psychosis. 

Psychopathic Personality 0 Psychosis. 

. 156.4 

. 156.1 

. 155.5 

it 

it 

i> 

Chronic Alcoholism s Psychosis. 

. 155.2 

. 154.8 

11 

it 

Acute Alcoholic* Psychosis. 

. 154.2 

. 153.1 

i-it 

R 


. 152.7 

i) 


. 145.9 

lv 


. 144.6 

11-lv 


. 144.0 

Ji 

11* It 
Um \> 

unruudJicn i fcmoniiu i kh’ww . 

IK tt1Mi» Ikiiol \i.\f 0 1 i. - . - - . 

. 143.8 

1 SyC nO|Mll»l< I OrrtOIUllHiy n j. nj(v Hwrun . ..... 
1^111 1 *! 1 li ill 1 ( SllW HllMh ... , 

. 143.8 

„ I» 

/ hi I l klllll I liklhtilltl Ilk I Kill rMl/ W 

. 140.1 

n-It 

n-It 

V Ut ill Ofll( 1 MMllOiiUil 1 liilH i>\ . . ♦.• • • ■ • 

Psychopathic Personality c Psychosis. 

Du kin ki« iti 1 I hill umi Id \ V . , . , 

. 138.8 

. 135.7 

11-U 
n-lt 

rantnoul i m ititMiilit * rauuji .. 

Without Pn.\C*llOrtis. 

. 133.7 

. 132.1 

i\ 

n-It 

Acute* Alcoholic* Psychosis . 

I T.i ..1... 1 I In I'en/ieoY ..... 

. 131.8 

. 131.6 

11“ IV 

it 

unclussiiicti l icmenun i nwAOA . 

II..1 I.... 1 v........i4>.i Pwineav . 

. 129.4 

It 

ncheplirenc 1 Jeunentda i ruiuiA . 

. 127.0 

ll-It 

( ttmmc Alcoholism s i sycuosih . 

. 113.4 

ll"IV 

t ll . . • ii t i! ... n l>L<ii>n1iaJlu . . 

. 110.8 

11“ It 

( Iiromc* Mroholirttn c l sycuosis . 

Ill 1 * Ik .....Jan Pfiinoov 

. 105.1 

11“ It 

Hebephrenic Dementia. » rnccox . 

. 104.4 

It 

rceblemni<Iectnes.i s l sycuosis. 

. 101.7 

n-It 

rumple 1 lenient in rraeoox. • * . 

II t 1 If 1 V **rrk 1%/iftJlU . . . 

. 93.8 

It 

hceblemmc led ness o I syuiobiH. 

. 92.8 

n-It 

n-It 

Pecblemuu led ness c, i sycuosis. 

Feeblemindedness R I sychosis.* 

. 91.6 


Rouvmy’s (HKMW iniorprotation is that automatised reactions remain 
at approximately Ihoir former level, while those mv0 ^® clomant 
menhs are alone aITorted, but this, while having a considerable eleme 
of truth, does not take account of all of the facts. . . 

Dearborn’s (11)117) analysis of the nature of “teUertual region 
eluded these fast oris: lowering of the power of voluntary attention, 
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derangement of conceptual association, resulting in inability to make 
inferences, derangement of perception, development of a sort, of mental 
evasion, capable of modifying the intellectual process in many ways. 
This analysis is in close accord with much of ours. 

It is, however, impossible to gel a very clear picture of the situation 
from an omnibus scon*; then* can be real differences which are not, 
revealed in the total score; nor does total scon 1 alone give 1 us any indica¬ 
tion as to whether the lowering, oven when markedly present, is general 
and unseloctive or appears more frequently in certain functions. To 
investigate this, the items wore studied individually, and whore possible, 
as scries, i.e., vocabulary, digits forwards, and digits backwards. 

Moan vocabulary score in the representative groups (see table 25) 
varies from 42.0 to 58.8 (the mean for normals is 51.5), being lowest in 
the groups recognised on other criteria as showing the greatest dis¬ 
turbance in the cognitive sphere. I n tin* represent at i vc/non-representa- 
tive comparisons, mean voeabidary score 1 was in every instance (omitting 
the feebleminded) lower in the latter, the differences ranging from —2.0 
for the manic-depressive to —12.0 for the without psychosis. None of 
these differences, however, could be, considered significant, statistically. 
The use of the vocabulary test as a valid indicator of a patient’s original 
level was discussed above (pages 428 486), where it was shown that, there 
was doubt, particularly in some groups, of the adequacy of the criterion. 
In all of our groups, including the normal, vocabulary expressed in terms 
of MA was higher than Stanford-Binet MA, and in many of them the 
difference was considerable. In two of our groups, general paresis and 
hebephrenic dementia praecox, vocabulary level was far below the level 
of previous education; here it is very obviously not an adequate measure 
of previous level, even though it may lx 1 a better one than Stanford- 
Binet MA. Thus some correction must apparently be made for the 
appearance of a discrepancy between vocabulary and other performances 
in normal groups anil for the differential effects of age on vocabulary 
and other performances. Kveu so, a residue of difference remains which 
appeals to be associated with psychotic process. The differences be¬ 
tween mean MA and the mean equivalent of vocabulary MA are in 
general larger in the non-ropresontativo than in the representative 
groups, ranging from —17 to —34 as against —4 to —27 for the repre¬ 
sentative groups. 

One of our most striking and consistent results has boon the effect of 
psychosis on the repetition of digits forwards (table 26). We found 
that none of the groups has a mean above the normal group; that of 15 
representative groups, 8 had means significantly lower and one a moan 
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Tables 25 

MEAN VoCABULAI tY SCORES of All GROUPS 
Aurancsiod in Hank Order 


Group Vocabulary 

Score 

R Paranoid (Condition. 58.8 

R Manic Depressive. 58.7 

R Catatonic Dementia Praeeox. 579 

n-R Manic Depressive. 56.7 

R Paranoid Dementia Praeeox. 56.1 

R Acute Alcoholic Psychosis. 54.9 

n-R Psychoneurosis. 54.8 

R Normal. 54.5 

R Chronic Alcoholism s Psychosis. 54.5 

It Psychoneurosis. 53.7 

R Simple Dementia Praeeox. 53.1 

n-R Paranoid Condition. 52.1 

R Dementia Praeeox. 52.1 

R Unclassified Dementia Praeeox. 50.1 

R Chronic Alcoholism 0 Psychosis. 49.9 

11-R Catatonic Dementia Praeeox. 49.5 

R Psychopathic Personality S Psychosis. 49.2 

R Psychopathic Personality c Psychosis. 48.9 

n-R Paranoid Dementia Praeeox. 48.7 

R Without Psychosis. 48.0 

R General Paresis. 47.4 

n-R Psychopathic Personality c Psychosis. 45.9 

11-R Unclassified Dementia Praeeox. 43.3 

R Hebephrenic Dementia Praeeox. 42.0 

11-R Psychopathic Personality s Psychosis. 40.0 

n-R Acute Alcoholic Psychosis. 39.7 

n-R General Paresis. 39.1 

n-R Chronic Alcoholism s Psychosis. 38.0 

11-R Without Psychosis. 36.0 

11-R (Jhronic Alcoholism e Psychosis. 34.8 

11-R Hebephrenic Dementia Praeeox. 31.2 

11-R Simple Dementia Praeeox. 29.0 

R Feeblemindedness s Psychosis. 26.0 

R Feeblemindedness 0 Psychosis. 22.7 

11-R Feeblemindedness c Psychosis. 22.1 

11-R Feeblemindedness 3 Psychosis. 20.7 


of possibly lower significance than the normal. Of the seven representa- 
tive/non-representative comparisons (excluding feebleminded and with¬ 
out psychosis) two of the non-representative means were of definitely, 
and one of possibly, lower significance than the normal. In general, 







































460 


ANNALS NEW 


YORK ACADEMY OF SCIENCES 


T\bi,k 20 

Mean Digits Forwards Soork ok Add Crouds 
Arranged in Rank Order 

Group DF Score 


R Manic Depressive. 

R Normal. 

R Simple Dementia Praecox. 

R Psychoneurosis. 

R Catatonic Dementia Praecox. 

R Chronic Alcoholism 3 Psychosis. 

R Psychopathic Personality s Psychosis. 
R Psychopathic Personality c Psychosis. 
n-R Psychopathic Personality c Psychosis. 

n-tt Witliout Psychosis. 

R Paranoid Dementia Praecox. 

R Dementia Praecox. 

R Acute Alcoholic Psychosis. 

R Unclassified Dementia Praecox. 

R Paranoid Condition. 

R Without Psychosis. 

n-R Catatonic Dementia Praecox. 

R Chronic Alcoholism <3 Psychosis. 

n-R Paranoid Dementia Praecox. 

n-R Unclassified Dementia Praecox. 

n-R Paranoid Condition. 

n-R Acute Alcoholic Psychosis. 

n-R Manic Depressive. 

n-R Psychoneurosis. 

n-R Simple Dementia Praecox. 

R General Paresis. 

n-R Chronic Alcoholism s Psychosis. 

R Hebephrenic Dementia Praecox. 

n-R Psychopathic Personality s Psychosis 

n-R General Paresis. 

n-R Hebephrenic Dementia Praecox. 

n-R Chronic Alcoholism c Psychosis. 

R Feeblemindedness 3 Psychosis. 

n-R Feeblemindedness <3 Psychosis. 

R Feeblemindedness c Psychosis. 

n-R Feeblemindedness S Psychosis. 


0.7 

0.7 

0.0 

0.5 

0.5 

0.3 

0.3 

0.2 

0.1 

0.1 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

5.0 

5.8 

5.8 

5.8 

5.8 

5.7 

5.7 

5.7 

5.0 


5.5 

5.3 
• 1.0 
< 1.8 
• 1.8 
4.0 

4.5 

4.3 


the severer the clinical manifestations of the disorder the more marked 
the impairment here. We do not find the same situation with sentence 
memory, but this test is a much grosser one, many of the. items are 
alternates and therefore the groups available are smaller. It is impossi¬ 
ble to tell from our evidence whether one is here dealing with a true 
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memory defect, or whether those lower means reflect rather a lowering of 
the span of at lontion which may be particularly marked with material 
that is essentially mm-meaningful and unpalterncd. If it is, in fact, 
basically a defect in attention, then this must be taken into account in 
the interpretation of results on oilier tests, although mcaningfulness of 
the material may alter the span considerably. 

The situation with regard to digits backwards is quite different 
(table 27). This task is far from simple roto memory, but is much 
more closely related to general intellectual level, as other authors have 
noted. It is of particular interest that the four representative groups 
differing significantly from the normal on this are the same four which 
alone showed a significant difference on mean Stanford-Binet score, 
namely general paresis, chronic alcoholism with psychosis and hebe¬ 
phrenic and unclassified dementia praocox. (The without psychosis 
had a possibly significant difference in mean Stanford-Binet and an in¬ 
significant difference in digits backwards.) On the representative/non- 
reproHontativo comparisons, only the hebephrenic dementia praecox of 
the four non-representative groups significantly lower on Stanford-Binet 
than the representative, was significantly lower on digits backwards also. 

An analysis of the types of items (table 28) indicates that psychosis 
seems to affect mostly conceptual thinking and immediate learning, and 
least old learning items. In the former 8 to 10 of the 15 groups are 
affected whereas in the latter only 3 of the 15 groups are. From this 
and from the fact that there seems to bo a distinct stepwise phenomenon 
of increasing disturbance in groups disturbed in many types, it seems 
legitimate, to postulate a certain order of selectivity in the degree to which 
types of tests are affected. Essentially it is this: (1) conceptual thinking; 
(2) immediate learning; (?) sustained associative thinking, immediate 
associative thinking, vocabulary; (4) old learning. 

Insofar as psychosis is concerned the hebephrenic dementia praecox 
and general paresis are affected in all functions. These together with 
unclassified dementia praocox are the most affected groups. On the 
other hand the acute alcoholic, manic-depressive, psychopathic personal¬ 
ity without psychosis and psychonourosis groups are not significantly 
affected in any of the types of items. 

Variability of performance, as indicated by standard deviations, is 
greater in the psychotic than in the normal groups, and this is particu¬ 
larly true for tho dementia praecox groups. 

In general, correlations are remarkably consistent and do not deviate 
greatly from those found in the normal group. The vocabulary/MA 
correlation for the paranoid dementia praecox group is significantly 
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TabiiK 27 

Mkan Dmits Backwards Senuu ok All (Sum i»s 
Arranokd in K\nk Ouni'iii 

Group 1>B Score 


II Simple Dementia Praocox. r>.2 

R Psychonourosis. « r >.2 

R Manic Depressive. 4.<) 

R Paranoid Condition. 4.9 

R Normal. 1.0 

R Catatonic Dementia Praocox. 4.8 

R Psychopathic Personality c Psychosis. 4.8 

R Psychopathic Personality 5 Psychosis. 4.7 

n-R Psychopathic Personality c Psychosis. 4.0 

n-R Psychoneurosis. 4.0 

R Chronic Alcoholism fl Psychosis. 4.5 

R Acute Alcoholic Psychosis. 1.5 

R Paranoid Dementia Praecox. 4.5 

li-R Catatonic Demeutia Praocox. 4.5 

n-R Unclassified Dementia Praecox. 1.5 

R Dementia Praecox. 4.5 

R Without Psychosis. 4.5 

n-R Paranoid Condition. 4.1 

R Hebephrenic Dementia Praecox. 4,8 

n-R Psychopathic Personality 3 Psychosis. 4.8 

n-R Paranoid Dementia Praecox. 4.2 

R Chronic Alcoholism c Psychosis. 4.1 

R Unclassified Dementia Praecox. 4.1 

n-R Manic Depressive. 4.1 

n-R Chronic Alcoholism s Psychosis. 4.0 

n-R Without Psychosis... 4.0 

n-R Acute Alcoholic Psychosis. 8.8 

R General Paresis. 8.7 

n-R Hebephrenic Dementia Praecox. 8.8 

n-R General Paresis. 8.0 

n-R Simple Dementia Praocox. 8.0 

R Feeblemindedness s Psychosis. 2.7 

n-R Feeblemindedness c Psychosis... 2.8 

n-R Chronic Alcoholism c Psychosis. 2.1 

n-R Feeblemindedness B Psychosis. 1.7 

R Feeblemindedness c Psychosis. 1.7 

higher than the normal. The psychotics definitely tended to higher 
correlations between vocabulary/digits forwards and vocabulary/digits 
backwards although none of the differences arc significant. The order 
of the size of the correlations in the former appears random, but in the 
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T\biiB 28 


Typkk of Itkmk Affkitki) in Hbphkahntativb Groups 



1.1*0 

VO(i 

TAI 

TAS 

LI 

TC 

No.f 

General Paresis. 

1 

t 

t 

t 

11 

11 

8 

Ghronic Alcoholism c Psychosis. 

0 

t 

0 

t 

t 

t 

4 

Ghronie Alcoholism s Psychosis.. .. 

0 

0 

0 

0 

0 

t 

1 

Acute Alcoholic Psychosis. 

0 

0 

0 

0 

0 

0 

0 

Paranoid 1)P. 

0 

t 

t 

0 

t 

11 

5 

Hebephrenic DP. 

t 

11 

11 

11 

11 

11 

11 

Catatonic DP. 

0 

0 

0 

0 

0 

t 

1 

Simple DP. 

0 

0 

t 

0 

t 

t 

3 

Unclassified I )P. 

t 

t 

t 

t 

t 

11 

7 

Manic Depressive. 

0 

0 

0 

0 

0 

0 

0 

Psychopathic Personality? Psychosis. 

0 

0 

0 

t 

0 

t 

2 

Psychopathic Personality s Psychosis. 

0 

0 

0 

0 

0 

0 

0 

Paranoid Gondifioit. 

0 

0 

0 

0 

t 

0 

1 

Psychoneurosis. 

0 

0 

0 

0 

0 

0 

0 

Without Psychosis. 

0 

t 

t 

t 

t 

t 

5 

No. groups with f or ft. 

s 

0 

(5 

() 

8 

10 


Total No. f. 

3 

7 

7 

7 

10 

14 

48 


0 - None 
1 ^*1 - 10 % 

11- tl% above 


latter ease (vocabulary/digits backwards) there is a tendency for the 
group with higher moan Stanford-Binet scores to have the lower cor¬ 
relations. 

Our material offers no evidence on the permanence of the changes 
which have* appeared. The improvement in mental functioning as well 
as in the rest of the disease in general paresis under the newer treatments 
throws the question open again, although it seems to be the case that 
with patients whose psychosis becomes progressively more severe the 
levels of cognitive functioning are permanently lowered. Should any 
effective, treatment be developed for the grosser forms we do not know 
that this apparent deterioration could not be overcome. But to study 
this point as well iis many others, wo need a more adequate method than 
any that is as yet available. There may bo a cue, however, in the com¬ 
bined disturbance of MA and vocabulary. We have found both to¬ 
gether significantly disturbed only in the paretic and hebephrenic groups. 
It is possible that when vocabulary becomes disturbed significantly in 
addition to MA level that we are dealing with a process which with some 
justification may be considered a deteriorative one. 
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SUMMARY AND CONCLUSIONS 

In a study dealing wit li so many variables in so many different groups, 
it is difficult, to keep from becoming lost in a morass of details, (‘specially 
as many of the observed facts seem at first glance to be isolated ones, not, 
fitting into any general pattern. On further examination, however, cer¬ 
tain definite* findings appear which can be welded into fairly coherent, 
wholes, and certain trends Ix'eome clearly apparent. We will sum these 
up under several headings, viz., representativeness, relationship between 
intelligence and mental disorder, the effect, of mental disorder on in¬ 
telligence and changes in the individual groups. 

Representativeness 

In psychometrics, as in experimental psychological work, wo have 
shown that the presence, or absence of cooperativenoss has considerable 
effect on the results in psychotic groups. In general, the effect of repre¬ 
sentativeness is rather less than that, of psychosis, but it is of the same 
nature. The situation is not the same in all of the diagnostic, groups. 
In the groups severely affected by psychosis, non-representativeness has 
a fairly large additional effect. There an* several groups which am little 
affected by psychosis, but in which some effect of non-representativeness 
can be demonstrated, namely, the manic-depressive and the catatonic 
dementia praecox. 

It was clear that the judgment of representativeness or non-representa¬ 
tiveness was more difficult to make in some groups than in others. Ln 
the groups feeblemindedness with psychosis and without, psychosis the 
criteria as hitherto applied seemed not, to differentiate accurately and 
they also proved not entirely adequate in the unclassified dementia 
praecox group. In the case of the feebleminded group it seemed evident 
that the difficulty arose from the specific situation unsatisfactory re¬ 
sponsiveness due to stupidity and unsatisfactory responsiveness due to 
psychosis are particularly difficult to differentiate. In the without 
psychosis group, the difficulty seemed to be largely in the samples, and 
in the unclassified dementia praecox group both difficulties swmed to 
play a part. 

As a result of this study, we felt that our disordered-normal compari¬ 
sons would be of greater value if wo excluded the non-representative in 
the disordered groups. The effect of this selection must be kept in mind 
in consideration of our further results. Because, of it, the degree of 
significance and the number of significant differences will be lessened, and 
the net result is that while some true differences may not appear, wo may 
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bo reasonably certain that the differences which do appear are more 
dependable differences. 


The Nature of the Relationship between 
Intelligence and Mental Disorder 


We have shown that, in general, the severer the psychotic condition, 
the farther from the normal is the psychometric performance. Such a 
difference can be interpreted in two ways: (l) As demonstrating the effect 
of psychosis on cognitive function, or (2) As demonstrating the selective 
effect of intelligence on psychosis, i.e., that certain types of psychoses 
appear at certain levels of intelligence rather than at others*. 

Ordinarily the latter theory is put forward, not with respect to all 
psychoses, but rather to particular ones, e.g., Tendler’s conclusion that 
an initial low level conduces to ncuroticism; Duncan’s belief that feeble¬ 
mindedness is an etiological factor in manic-depressive insanity; and the 
widely held opinion that paranoia attacks chiefly those of superior in¬ 
tellectual level. With the evidence supplied by Tendler and Duncan we 
have dealt at some length; we do not find it impressive. 

The implications of this point of view have not been very carefully 
examined by its adherents. The fact of the existence of differences in 
intelligence lx'tween normal and abnormal groups does notin itself offer 
any clues as to the nature of the relationship; this must be inferred on 
other criteria and in accord with psychiatric as well as with psychologic 
evidence. Now, if it were the case that the level of pre-psychotic in¬ 
telligence in the individual determined the nature of the psychosis to 
which he might be subject, then the generally accepted concept of a psy¬ 
chosis as primarily a disorder of the personality, particularly of its affec¬ 
tive aspects, must 1 k> in error. For such a drastic revision of basic 
psychiatric theory there is no valid evidence. On the other hand, the 
interpretation of these differences as the effects, in the cognitive field, of 
the disorder of the psychologic personality is in complete accord with 
psychiatric knowledge, and in no way opposed by the psychologic 
evidence. 

The differences in mean test performances found by many experi¬ 
menters (although not always in the same direction nor to the same 
extent) are not all of the evidence available. It is enlightening to corn- 
part' the distributions. This comparison shows considerable overlapping 
of both ranges and standard deviations, even when the means differ 
significantly. This seems to us a potent argument against the inter- 


•There is, of courae, a third possibility, that neither is responsible, but that they are associated r es u l ts 
of some other cuuho. In this instance, wo believe the relationship can be explained without recourse 
to an unknown facLor. 
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protation that original level of intelligence may determine in any sub¬ 
stantial part the type of psychosis. 

Those data together with the material presented earlier bawd on 
educational level seem reasonable evidence that then* arc* very few, if 
any, disorders in which the type* of psychosis developed is dependent to 
any extent on intellectual level. 

Some further comment should be made* about 1 ho commonly hold 
position that paranoid conditions of one kind or another occur more fre¬ 
quently in the upper levels of intelligence*. It is true that our paranoid 
condition and paranoid dementia praecox groups art* well up generally as 
far as means go, but again the dispersal is extensive, and if this disease 
has originally attacked only the more intelligent then the deterioration 
in some of those cases must lx* much greater than the* clinical picture 
would load one to infer. (It is generally accepted that these type's 
deteriorate ratlicr slowly.) A pure paranoia rarely occurs, but the* trend 
towards broad distribution appears in many of the* other groups, in vary¬ 
ing degrees. Wc suspect that the typical paranoid verbosity has lx*on a 
confusing factor, and from the extent and press of verbal activity has 
been deduced a level of verbal intelligence, <*ven of general intelligence, 
which is not actually present. 

The Effect of Mental Disorder on Intelligence 

In the presence of any psychotic or psychopathic process, certain 
changes in mental functioning may occur. Those arc in the direction of 
a lowering of the level of functioning and an* both general and specific 
in nature. There is no doubt, but that some part of this lowering may be 
attributed to difficulties in attention, and to wlmt extent this basic func¬ 
tion is affected wo cannot say. It is clear, however, that it is not the only 
function that is affected. 

Our analysis has shown that in tin* severely disordered mind, all types 
of intellectual activity arc interfered with, some* more* and some* less than 
others. Vocabulary is less affected in general than the other tests in all 
groups. Vocabulary expressed in terms of J\1A was higher than Stan- 
ford-Binet MA, and in many of the groups tlu* difference was consider¬ 
able; the difference was generally larger in the non-representative groups. 
To that extent, it is probably a better indicator of general level than is 
Stanford-Binet MA, but that it is not tin adequate out* is shown by the 
fact that in two groups it was far below the level of previous education. 

One of our most striking results was the consistency wit h which the* 
repetition of digits forwards was affected by psychosis. Of our If) 
representative groups, 8 had means significantly and 1 a moan possibly 
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significantly lower Ilian 1 ho normal moan. The non-representative are 
generally lower Ilian I ho representative. In general, the severer the 
clinical manifestations of I lie disorder the more marked the impairment 
in I his lost. Wo do not know how much of this disturbance is purely a 
memory disturbance and how much is due to disturbance of the span of 
attention. Hut that such a disturbance is present and to such an extent 
is a fact of importance in assessing tost results in disordered groups. 
Repetition of digits backwards does not show so much effect. It is a 
task more elosely related to general intellectual functioning than to 
simple rote memory. 

As far as the type of items most affected is concerned, our analysis 
has shown that those primarily affected are of the conceptual thinking 
and immediate* memory group, and that those least affected are old 
learning items. 

Variability of performance appears to bo greater in the psychotic than 
in the* normal group, and this increase in variability is most apparent in 
(he various dementia praecox groups. 

The comparison of correlations between different tests for the normal 
and disordered did not bring out any definite trends. 

Alt hough our material has shown clearly that disordered groups do not 
function as well intellectually as non-disordered groups we cannot speak 
of this change of function as ‘‘deterioration.” As yet we know nothing 
about the irreversibility of this change. It should be noted that in the 
hebephrenic dement in praecox group, in whom, so far as is known, there is 
no organic change*, the* functional disturbance is even greater than it is in 
the general paresis group. 

Changes in the Various Disordered Groups 

Alt hough I he change's discussed above follow much the same pattern in 
all of the disordered groups, then* an* some differences between the var¬ 
ious diagnoses. The findings for each group are therefore summed up 
hero. 

GENERAL PARESIS 

Next to the hebephrenics, the paretics are the most severely affected of 
any group studied, as shown in mean and item differences from the 
normal. The* paretic’s impairment is marked—he falls at about an 11 
year mental level—and general, but in addition he shows particularly 
severe difficulty with immediate memory and conceptual thinking. 

The paretic is much more profoundly disturbed in cognitive function¬ 
ing than the psychotic alcoholic, and this disturbance is very nearly as 
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extensive as that in the hebephrenic from which il does not differ in any 
meaningful way. But, profound as this disturbance is, it, docs not reduce 
the paretic to the level of the feebleminded, whether psychotic or not. 
In the latter comparison it is inlenssting to note that the paretics were 
consistently relatively 1 jotter on old learned items, and tin* feebleminded 
on immediate memory and, to a lesser extent, on conceptual thinking. 

THE ALCOHOLICS 

Comparisons with normals, and comparisons among the throe mem¬ 
bers of the group bring out few statistically significant differences, but 
show a consistent trend. The acute and the non-psychotic chronic 
groups, although generally lower, differ comparatively little 4 from the 4 
normal, and from each other on test results; the psychotic chronic al¬ 
coholics tend to fall below the two others throughout and art* well below 
the normal. It would seem that psychosis rather than alcoholism, even 
over long periods, is the factor affecting test performance, and, further, 
that it is not alcoholism, per ttc, which induces the psychosis. 

DEMENTIA PRAECOX 

In comparison with the normal, what seems to stand out is the close¬ 
ness of the catatonic, simple and paranoid groups (in that order) to the 
normal. Except for a few items on which significant, differences are 
found, there is little to distinguish those groups from the normal. How¬ 
ever, the unclassified and especially the hebephrenic distinguish them¬ 
selves clearly from the normals, the latter, in fact, most of any of the 
groups studied. The unclassified with a mental level of about 125 
months stands third in rank order of difference in items from the nor¬ 
mals. Those fall largely in the conceptual and associative thinking 
groups. In means, all but vocabulary are significantly lower. Hebe¬ 
phrenic 4 dementia praooox, showing the greatest difference from normal, 
show it in all means and in all types of items. The average mental ago 
level is somewhat below II. Apparently psychosis has the most pro¬ 
found effect on this group. 

A careful intcroomparison of the various dementia praocox groups in¬ 
dicates that there is no justification for lumping all typos into a total 
dementia praecox group, at least in psychometric research, since the 
differences among the typos are in many instances greater than between 
the dementia praecoxes and other groups. 

In general, the eatatonies are the highest group, although the simple 
surpass them in means for digits forwards and backwards. The para¬ 
noid and simple are very close and not far below the catatonic, the 
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hebephrenic and unclassified definitely inferior with the hebephrenic 
outstandingly low. Where many differences wore found for any item it 
was usually the east' that the others surpassed the hebephrenics. 

In eomparisons made bet ween the various types and other psychoses 
outstanding findings are: little difference between paranoid dementia 
praeoox and paranoid condition, although the latter are closer to the 
normal; a striking similarity between the hebephrenic and paretic groups, 
sufficient to make the distinction of the psychometric picture all but 
impossible; and another striking similarity between the catatonic and 
manic-depressive, which makes these psychometrically indistinguishable. 

MANIC-DEPRESSIVE 

As was stated earlier, this is a heterogeneous group, comprising all 
typos, but all of them examined during comparatively quiescent periods. 
The group is ho like the normal in all tost results—distribution, means, 
and items- as to be indistinguishable in psychometric performance. 

PSYCHOPATHIC PERSONALITIES 

These two groups are extraordinarily <*lose in age, education and mean 
test results, and approximate the normal, although they fall somewhat 
l>elow. 

PARANOID CONDITION 

This group falls quite close to the normal and psychometrically may 
be considered as essentially the same. 

PSYCHONEUROSIS 

The mean test results for this group are very close to the normal, but 
the group tended to be somewhat higher than the normal on some in¬ 
dividual items. We did not find our neurotics more variable than nor¬ 
mals. In comparison with psychopathic personality without psychosis, 
the psychoneurotic art' of higher level. 

WITHOUT PSYCHOSIS 

Analysis of this group was of particular interest because of the frequent 
appearances in the literature of similar groups which have been used as 
normal controls. This group had the fourth largest number of signifi¬ 
cant differences from the normal in the item analysis. Mean test results 
were all markedly lower, the differences being significant for vocabulary 
and digits forwards and possibly so for Stanford-Binct score. The men¬ 
tal level of this group is 152 months. The item analysis showed the 
disturbance to Ixj chiefly apparent in memory items, including vocabu¬ 
lary and to a much smaller degree in thinking items. 
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APPENDIX I 

Tabu. 20 

Adii I)at\ ton Ai.i; CiRom’s 




N 

Range 

Moan 

W.l>. 

Normal 

R 

70 

13 50 

30.1 J: 1.5 

12.8 ±1.1 

General Paresis 

R 

35 

27-08 

40.0 ±1.3 

7.0 ±0.9 


n-U 

24 

20-53 

38.7 ±1.4 

0.9 ±1.0 

Chronic Alcoholism 

It 

30 

28 03 

44.1 ±1.8 

9.8 ±1.3 

with Psychosis 

n-R 

12 

31-05 

40.0 ±3.3 

10.8 ±2.3 

Chronic Alcoholism 

R 

12 

30-58 

41.8 ±2.5 

8.4 ±1.8 

without Psychosis 

n-lt* 

2 

37-16 

41.5 


Acute Alcoholic 

li 

17 

18 50 

35.9 ±2.0 

8.1 ±1.4 

Psychosis 

n-R* 

6 

28 50 

39.7 


Feeblemindedness 

It 

GO 

12 52 

32.2 ±1.3 

10.2 ±0.9 

with Psychosis 

n-R 

25 

15-47 

28.2 ±1.9 

9.1 ±1.3 

Feeblemindedness 

R 

27 

13-50 

25.7 ±1.8 

9.4 ±1.3 

without Psychosis 

n-R* 

10 

11 57 

26.2 


Paranoid 

R 

58 

18-54 

34.1 ±1.1 

8.5 ±0.8 

Dementia Praecox 

n-R 

31 

19-49 

34.6 ±1.5 

8.0 ±1.0 

Hebephrenic 

R 

32 

15-59 

29.1 ±1.0 

8.6 ±1.1 

Dementia Praecox 

n-lt 

29 

16-51 

29.2 ±1.5 

8.1 ±1.1 

Catatonic 

R 

30 

17-40 

24.8 ±1.1 

6.2 ±0.8 

Dementia Praecox 

n-R 

28 

18-37 

21.0 ±0.8 

4.1 ±0.6 

Simple 

R 

22 

20-58 

30.5 ±2.2 

9.9 ±1.5 

Dementia Praecox 

n-R* 

7 

27-34 

30.3 


Unclassified 

R 

38 

14 65 

28.1 ±1.0 

9.7 ±1.1 

Dementia Praecox 

n-R 

25 

to 10 

20.1 } 1.2 

5.9 ±0.8 

Manic-Depressive 

R 

19 

18-02 

35.0 1:3.0 

12.712.1 

n-R 

18 

18 50 

32.3 ±2.7 

10.911.9 

Psychopathic Pers. 
with Psychosis 

R 

22 

lb 45 

23.9 ±1.8 

8.111.3 

n-R 

11 

12-02 

29.5 ±3.4 

12.312.4 

Psychopathic Pers. 

R 

21 

11-68 

25.1 ±3.0 

13.2 ±2.1 

without Psychosis 

n-R* 

4 

25-36 

26.5 


Paranoid Condition 

R 

22 

23-53 

39.8 ±2.1 

9.511.5 


n-R* 

9 

26-57 

40.4 


Psychoneurosis 

R 

36 

14-62 

27.8 ±1.8 

10.411.2 


n-R* 

12 

16-45 

27.4 ±2.8 

9.312.0 

Without Psychosis 

R 

72 

10-48 

26.1 ±1.1 

9.310.8 


n-R 

18 

12-51 

27.7 ±2.8 

11.612.0 


'"Too small for inclusion in discussion. 
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Tabu; 150 

KiiX'viion I>\ti vok Vu, (litoups 




N 

Itauftc 

Mean 

S.D. 

Normal 

It 

01 

0 10 

8.110.1 

3.0 ±0.2 

< tenoral Paresis 

It 

»» 

2 10 

8.6 ±0.5 

2.8 ±0.4 


n-H 

22 

' 0 17 

8.2 ±1.0 

4.4 ±0.7 

Chronic Alcoholism 

It 

20 

2 11 

0.9 ±0.6 

3.3 ±0.4 

with Psychosis 

n-IC 

12 

0 12 

5.8 

3.6 

Chronic Alcoholism 

It 

11 

3-19 

7.2 ±1.3 

4.3 ±0.9 

without Psychosis 

n-IC 

2 

0-8 

4.0 


Acute Alcoholic 

It 

11 

0-10 

8.7 ±0.7 

2.7 ±0.5 

Psychosis 

n-IC 

r> 

4-12 

7.0 


Pocl)lcmiud(vlncss 

It 

55 

0 12 

4.8±0.4 

2.7 ±0.3 

with Psychosis 

n-H 

21 

0 8 

4.0 ±0.5 

2.6 ±0.4 

Feeblemindedness 

It 

25 

3 ft 

5.8 ±0.3 

1.4 ±0.2 

without Psychosis 

n-IC 

10 

0 7 

3.0 

2.4 

Paranoid 

It 

55 

0-17 

8.5 ±0.5 

" 3.5 ±0.3 

Dementia Pruooox 

n-H 

51 

2-10 

8.8 ±0.6 

3.1 ±0.4 

Hebephrenic 

It 

31 

2-M 

8.5 ±0.5 

2.7 ±0.4 

J )ementia Praoenx 

n-R 

20 

4 12 

8.2 ±0.5 

2.6 ±0.3 

Catatonic 

It 

30 

2-16 

9.9 ±0.6 

3.0 ±0.4 

Dementia Praeeox 

n-Jt 

28 

4- 10 

9.6 ±0.6 

3.2 ±0.4 

Simple 

It 

22 

2-16 

9.0 ±0.8 

3.5 ±0.5 

Dementia Praeeox 

n-H* 

7 

2-12 

7.7 


Unelassifusl 

It 

37 

0-10 

8.4 ±0.6 

3.3 ±0.4 

Dementia Praeeox 

n-R 

21 

3-13 

8.3 ±0.4 

2.1 ±0.3 

Manic Depressive 

It 

19 

5 15 

8.8 ±0.7 

2,9 ±0.5 

n-R 

17 

5 10 

9.9 ±0.7 

2.9 ±0.5 

Psychopathic Pers. 
with Psychosis 

It 

22 

2-15 

7.6 ±0.6 

2.8 ±0.4 

n-R 

H 

5-13 

8.7 ±0.7 

2.6 ±0.5 

Psychopathic Pers. 

It 

21 

1-12 

7.8 ±0.7 

3.2 ±0.5 

without Psychosis 

n-IC 

4 

5-10 

7.8 


Paranoid Condition 

It 

22 

4-14 

9.1 ±0.7 

3.1 ±0.5 

n-IC 

9 

5-12 

8.2 


Psychoneurosis 

It 

n-IC 

30 

11 

0-19 

7-12 

9.4 ±0.6 

9.9 

3.5 ±0.4 
1.7 

Without Psychosis 

It 

n-lt 

72 

18 

1-18 

2-11 

7.7 ±0.3 

6.2 ±0.6 

2.9 ±0.2 
2.5 ±0.4 


•Too Hinall foi inclusion in discussion. 
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TvijiiK JU 

Oa'upvnoisr I)\tv for All Groups (Tuismu Classes) 


Normal 

General Paresis 


Clironic Alcoholism 
with Psychosis 

Clironic Alcoholism 
without Psychosis 

Acute Alcoholic 
Psychosis 

Feeblemindedness 
with Psychosis 

Feeblemindedness 
without Psychosis 

Paranoid 

Dementia Praecox 

Hebephrenic 
Dementia Praecox 

Catatonic 
Dementia Praecox 

Simple 

Dementia Praecox 

Unclassified 
Dementia Praecox 

Manic-Depressive 


Psychopathic Pers. 
with Psychosis 

Psychopathic Pers. 
without Psychosis 

Paranoid Condition 


Psychoneurosis 


Without Psychosis 



i 

2% (1) 

11 

28 % (i r») 

III 

28% (15) 

IV 

31% (18) 

H 

3% (0 

31% (11) 

16% 

(5) 

31% (11) 

n-R 

13% (3) 

17% (1) 

22% 

(5) 

30% (0) 

it 

3% (1) 

13% (1) 

37% (11) 

30% (9) 

n-it 






it 

8% (1) 

«% (I) 

25% 

(3) 

50% («) 

n-it 






it 

6% U) 

18% (3) 

35% 

(6) 

23% (1) 

n-lt 






It 

0% 10) 

7% (3) 

11% 

(5) 

58% (2(1) 

n-It 

0% (0) 

7% (1) 

0% 

(0) 

61% (9) 

It 

0% (0) 

0% (0) 

11% 

(3) 

53% (11) 

n-It 




It 

2% 0) 

18% (0) 

20% (15) 

29% (15) 

n-R 

7% (2) 

21% (<>) 

31% 

(0) 

31% (10) 

U 

0% (0) 
0% (0) 

20% (5) 

32% 

(8) 

28% (7) 

n-lt 

8% (2) 

32% 

(8) 

28% (7) 

It 

5% (1) 

32% (7) 

18% 

(1) 

11% (9) 

n-lt 

0% (0) 

32% (0) 

20% 

(5) 

21% (1) 

It 

0% (0) 

27% (1) 

13% 

(2) 

27% (1) 

n-lt 





It 

0% (0) 

34% (11) 

13% 

(1) 

28% (9) 
28% (5) 

n-lt 

0% (0) 

22% (■!) 

22% 

(1) 

It 

«% (1) 

25% (1) 

31% 

(5) 

38% ((1) 

n-lt 

0% (0) 

47% (8) 

0% 

(0) 

11% (7) 

It 

0% (0) 
0% (1) 

27% (3) 

18% 

(2) 

55% ((!) 

n-lt 

«% (D 

18% 

(2) 

61% (7) 

It 

0% (0) 

17% (2) 

17% 

(2) 

25% (3) 

n-lt 



It 

10% (2) 

25% (5) 

15% 

(3) 

30% (6) 

n-lt 





R 

16% (4) 

8% (2) 

28% 

(7) 

40% (10) 

n-R 





R 

n-R 

■ o> 
0% (0) 

12% (7) 
13% (2) 

a. 

(13) 

/—\/—' 
rr CO 


V 

«% 0 )’ 
Wo (1) 

a% (2) 

17% (r>) 
«% (l) 
Wo (3) 


21 % ( 11 ) 
29% (1) 


33% (7) 


22 % ( 11 ) 
7% (2) 


20% (5) 
32% IS) 


r>% 

21 % 


( 1 ) 

w 


Wo (5) 


35% (S) 
2S% (5) 

0 % ( 0 ) 
12 % ( 2 ) 

0% (0) 
0 % ( 0 ) 

11% (5) 

20 % ( 1 ) 

8 % ( 2 ) 

24% (14) 
47% (7) 
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T\iii.k 32 

D\r\ i »m Hcwhuih Bisi.r Stork in Months for Ann Grouts 




\ 

Range 

Mean 

S.D. 

Normal 

It 

do 

m 28i 

103.6 ±3.1 

25.0 ±2.2 

General Paresis 

It 

35 

08 200 

132.1 ±5.4 

31.2 ±3,8 

n-H 

21 

02-100 

113,1 ±5.1 

24.3 ±3.6 

Chronic Alcoholism 

It 

ao 

87 195 

145.0 ±5.4 

29.2 ±3.8 

with Psychosis 

n-It * 

12 

82 153 

110.8 

21.8 

Chronic Alcoholism 

It 

12 

123-211 

155.3 ±6.9 

24.0 ±4.9 

without Psychosis 

n-It* 

2 

108-M0 

127.0 


Acute Alcoholic 

It 

17 

00 222 

154.2 ±7.9 

31.5 ±5.6 

Psychosis 

n-It * 

(> 

101)-M3 

131.8 


Feeblemindedness 

It 

00 

38 110 

93.8 ±2.9 

22.2 ±2.0 

with Psychosis 

n-It 

25 

40 130 

92.8 ±3.7 

18.0 ±2.6 

Fool )lemin< led ness 

It 

27 

01-139 

104.1 ±3.6 

18.3 ±2.5 

without Psychosis 

n-It ► 

10 

42-M0 

91.0 

33.1 

Paranoid 

It 

58 

82 231 

154.8 ±4.4 

33.5 ±3.1 

Dementia Praecox 

n-It 

31 

80-190 

135.7 ±5.9 

32.0 ±4.1 

Hebephrenic 

It 

32 

72-197 

129.4 ±5.4 

30.0 ±3.8 

Dementia Praecox 

n-U 

28 

30-173 

105.1 ±6.9 

36.0 ±4.9 

Catatonic 

H 

31 

90-217 

164.8 ±5.3 

29.1 ±3.8 

Dementia Praecox 

n-R 

28 

50 -202 

140.1 ±6.9 

35.7 ±4.9 

Simple 

It 

22 

80-228 

155.5 ±7.1 

32.4 ±5.0 

Dementia Praecox 

n-It* 

7 

72-128 

101.7 


UnclaHsified 

It 

38 

01-215 

144.0 ±5.9 

35.6 ±4.1 

Dementia Praecox 

n-It 

25 

78-190 

131.6±7.0 

34.4 ±5.0 

Manic-1 )opressivo 

R 

10 

114-222 

166.4±7.5 

32.0 ±5.3 

n-lt 

18 

8*1-203 

144.6 ±8.3 

34.0 ±5.8 

Psychopathic Pers. 

R 

22 

109-234 

156.1 ±6.4 

29.4 ±4.5 

with Psychosis 

n-R 

It 

101-193 

138.8 ±6.3 

23.4 ±44 

Psychopathic Pors. 

It 

21 

84-223 

156.4 ±6.9 

30.8 ±49 

without Psychosis 

n-R* 

4 

127-169 

143.8 


Paranoid Condition 

R 

22 

122-211 

164.7±5.5 

25.1 ±3.9 

n-R* 

9 

80-203 

143.8 


Psychoneurosis 

R 

n-R* 

36 

12 

106-234 

108-196 

169.1 ±4.8 

153.1 

28.5 ±3.4 

33.5 

Without Psychosis 

R 

n-R 

72 

18 

80-229 

84-189 

152.7 ±4.0 

133.7 ±7.3 

33.4 ±2.8 
30.0 ±5.1 


♦Too small for inclusion in discussion. 
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Table 33 

Bata for Vocabulary Scores for All Groups 



N~~ 

Raufte 

Moan 

Normal 

It 

69 

25-80 

51.5 ±1.9 

General Paresis 

P 

34 

14-80 

47.4 ±2.7 


n-It 

21 

10 09 

39.1 ±3.6 

Chronic Alcoholism 

P 

29 

20-79 

49.9 ±3.0 

with Psychosis 

n-P' 

12 

10-00 

34.8 

Chronic Alcoholism 

P 

12 

38-88 

54.5 ±3.9 

without Psychosis 

n-P 1 

2 

28-48 

38.0 

Acute Alcoholic 

P 

15 

29-83 

54.9 ±2.5 

Psychosis 

n-P* 

6 

14-50 

39.7 

Feeblemindedness 

P 

57 

0-65 

22.7 ±1.9 

with Psychosis 

n-P 

22 

0-36 

22.1 ±1.8 

Feeblemindedness 

P 

26 

2-46 

26.0 ±2.5 

without Psychosis 

n-P* 

10 

0-57 

20.7 

Paranoid 

: 

P 

55 

0-90 

56.1 ±2.2 

Dementia Praecox 

n-P 

31 

10-76 

48.7 ±3.5 

Hebephrenic 

It 

31 

10-78 

42.0 ±3.8 

Dementia Praecox 

n-R 

29 

0-70 

31.2+4.2 

Catatonic 

it 

31 

10-80 

57.0 ±3.2 

Dementia Praecox 

n-R 

28 

10-82 

49.5 ±3.7 

Simple 

R 

22 

25-80 

53.1 ±3.3 

Dementia Praecox 

n-R 11 

7 

10-41 

29.0 

Unclassified 

R 

37 

11-87 

50.1 ±2.9 

Dementia Praecox 

n-P 

21 

0 80 

43.3 ±4.3 

Manic-Depressive 

P 

18 

36-81 

58.74 3.3 


n-P 

18 

10-92 

56.7 ±4.8 

Psychopathic Pers. 
with Psychosis 

R 

21 

30-80 

48.9 ±3.3 

n-P 

14 

32-70 

45.9 ±3.7 

Psychopathic Pers. 

R 

21 

13-84 

49.2±4.1 

without Psychosis 

n-P' 

4 

20-51 

40.0 

Paranoid Condition 

P 

22 

26-82 

58.8 ±3.2 


n-R* 

9 

24-81 

52.1 

Psychoneurosis 

R 

34 

30-92 

53.7 ±2.7 


n-R* 

12 

24-80 

54.8 

Without Psychosis 

R 

71 

| 14-88 

48.0 ±1.8 


n-R 

17 

! 10-66 

36.0 ±4.4 


•Too txoall for inclusion in discussion. 


S.D. 

15.6±1.3 

15.3 + 1.9 
16.3+2.6 

15.9 ±2.1 

13.7 ±2.8 

9.4 ±1.8 

14.1 ±1.3 

8.4 ±1.3 

12.6 ±1.8 

16.0 ±1.5 

19.3 ±2.5 

20.7 ±2.7 

22.2 ±3.0 

17.0 ±2.3 
19.0 ±2.6 

15.3 ±2.4 

17.5 ±2.1 
20.6+3.0 

13.6 ±2.3 

19.7 ±3.4 

L4.8±2.3 

13.5 ±2.6 

18.2 ±2.9 

14.7 ±2.3 

15.2 ±1.9 

14.9 ± 1.3 

17.6 ±3.1 
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Table 34 

Datv for Digits Forwards for All Groups 




N 

Range 

Mean 

S.D. 

Normal 

R 

65 

4-8 

6.G9±0.12 

1.0210.09 

General Paresis 

R 

34 

3-8 

5.53 ±0.20 

1.1410.14 


n-R 

24 

4-8 

5.29 ±0.19 

0.8910.13 

Chronic Alcoholism 

R 

29 

0-8 

5.83 ±0.28 

1.48 ±0.20 

with Psychosis 

n-R' 

12 

4-7 

4.8 


Clironic Alcoholism 

' R 

12 

5-8 

6.2510.31 

1.09+0.22 

without Psychosis 

n-R’ 

2 

4-7 

5.5 


Acute Alcoholic 

R 

17 

3-8 

6.0010.32 

1.2810.23 

Psychosis 

n-R’ 

G 

5-7 

5.67 


Feeblemindedness 

R 

GO 

0-7 

4.52±0.18 

1.40 ±0.13 

with Psychosis 

n-R 

25 

3-6 

4.56±0.15 

1.7510.11 

Feeblemindedness 

R 

2G 

0-6 

4.81 ±0.26 

1.3010.18 

without Psychosis 

n-R 18 

9 

0-7 

4.3 


Paranoid 

R 

57 

4—8 

6.11 ±0.15 

1.1010.10 

Dementia Praecox 

n-R 

31 

4-9 

5.81 ±0.22 

1.18±0.15 

Hebephrenic 

R 

32 

4-8 

5.53 ±0.14 

0.7910.10 

Dementia Praecox 

n-R 

28 

0-7 

4.93 ±0.26 

1.36 ±0.19 

Catatonic 

R 

31 

4-8 

6.52 ±0.19 

1.03 ±0.13 

Dementia Praecox 

n-R 

28 

4-8 

5.93 ±0.17 

0.88 ±0.12 

Simple 

R 

22 

5-9 

6.59 ±0.25 

1.15 ±0.18 

Dementia Praecox 

n-R’ 

7 

4-7 

5.60 


Unclassified 

R 

38 

4-8 

5.95 ±0.20 

1.21 ±0.14 

Dementia Praecox 

n-R 

21 

3-8 

5.79 ±0.23 

1.08 ±0.16 

Manic-Depressive 

R 

19 

4-8 

6.74 ±0.27 

1.16 ±0.19 


n-R 

17 

4-7 

5.65 ±0.30 

1.21 ±0.21 

Psychopathic Pers. 

R 

21 

5-8 

6.19±0.19 

0.85 ±0.13 

with Psychosis 

n-R 

14 

4-8 

6.07 ±0.30 

0.01 ±0.18 

Psychopathic Pers. 

R 

21 

4-8 

6.29 ±0.26 

1.16±0.18 

without Psychosis 

n-R* 

4 

5-6 

5.5 


Paranoid Condition 

R 

22 

4-8 

5.95 ±0.22 

1.02 ±0.16 


n-R* 

9 

4-8 

5.78 


Psychoneurosis 

R 

35 

4-8 

6.54 ±0.16 

0.92 ±0.11 


n-R* 

12 

3—8 

5.67 


Without Psychosis 

R 

72 

3-8 

6.01 ±0.14 

1.17±0.10 


n-R 

17 

4-8 

6.12 ±0.26 

1.02 ±0.18 


•Too small for inclusion in discussion. 
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Tabu- 35 

Data for Duhth Racku urns fob Aw. (Iuoups 




N 

Rnnfto 

Mean 

8 . 1 ). 

Normal 

R 

or> 

3 7 

1.87 M).ll 

UG10.1C 

General Paresis 

R 

25 

0-7 

3.0910.29 

1.7110.21 


n-R 

23 

0 6 

3.0110.31 

1.0310.21 

Chronic Alcoholism 

R 

30 

0 7 

4.0710.30 

1.0210.21 

with Psychosis 

n-R* 

12 

0 5 

2.08 


Chronic Alcoholism 

R 

12 

'1 0 

4.50 1.0.23 

0.7010.10 

without Psychosis 

n-R* 

2 


4.00 


Acute Alcoholic 

H 

17 

0-7 

1.1710.13 

1.71 fc0.30 

Psychosis 

n-R * 

0 

3 4 

3.83 


Feeblemindedness 

H 

GO 

0 5 

1.7210.23 

1.7010.17 

with Psychosis 

n-R 

21 

0 5 

2.2910.29 

1.4110.21 

Feeblemindedness 

11 

27 

0 5 

2.0710.33 

1.0710.21 

without Psychohis 

n-R* 

9 

0 5 

1.07 


Paranoid 

R 

58 

0 7 

4.5210.10 

1.2310.11 

Dementia Praccox 

n-R 

29 

0-7 

4.2 U 0.20 

1.4010.19 

Hebephrenic 

R 

29 

3-7 

4.3110.21 

1.0710.15 

Dementia Praecox 

n-R 

27 

0 G 

3.2010.21 

1.2310,17 

Catatonic 

R 

30 

3 7 

4.7710.28 

1.4510.20 

Dementia Praecox 

n-R 

28 

3 7 

4.5010.29 

1.5410.20 

Simple 

R 

21 

3 8 

5.21 L0.27 

1.17 10.19 

Dementia Praecox 

n-R 11 

5 

3 

3.00 


Unclassified 

R 

37 

0 7 

1.1IJ.0.27 

1.0010.19 

Dementia Praccox 

n-R 

23 

0 8 

4.18.10.31 

1.03 1.0.21 

Manic-Depressive 

R 

19 

3-7 

4.89 10.21 

1.0010.17 


n-R 

10 

3 0 

4.00 J. 0,30 j 

1.3110.21 

Psychopathic Pcrs. 

It 

22 

3 7 

4,7710.24 

1.0710.17 

with Psychosis 

n-R 

14 

3-7 

4.5710.30 

1.1810.21 

Psychopathic Pers. 

R 

21 

3-7 

4.71 ±0.27 

1.1810.19 

without Psychosis 

n-R* 

4 

2-6 

4.25 


Paranoid Condition 

R 

22 

3-7 

4.8610.22 

1.0010.15 


n-R* 

8 

0-5 

4.38 


Psychoneurosis 

R 

30 

0-7 

5.1710.27 

1.5510.19 


n-R* 

12 

3-7 

4.58 


Without Psychosis 

R 

72 

0-7 

4.5110.18 

1.4510.13 


n-R 

18 

0-6 

4.0010.29 

1.2010.21 


•Too small for inclusion in discussion. 
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APPENDIX II 

The Stanford-Binet in Clinical Practice 

Of what value is the ritanford-Binot in lasting in the state hospital 
situation? As we have seen, as a research instrument it leaves much to 
he desired. For research with disordered persons, au omnibus test is 
of considerably less value than a battery of tests of definable functions. 
Some of the types included in the Stanford appear to be of very great 
value, indeed, but except for the vocabulary, the scales are much too 
short. In addition, it is still true that adequate adult standardization 
is not, available and that the expressing of adult scores in MA terms is 
highly undesirable. 

The new Stanford has not, to any extent, overcome these handicaps. 
In spite of all of these justifiable and important criticisms, and the 
limitations thereby imposed on the Stanford, it still remains one of the 
most useful techniques as yet available to the clinician*. In the hands 
of a skilled examiner, the test situation can yield a good deal more than 
the M A • ('areful analysis of item passes and failures, of vocabulary and 
MA relationships, and so on, well repays the additional time, and, 
properly interpreted, the results may bo of considerable value to the 
psychiatrist and others working with the patient. It is necessary, how¬ 
ever, to emphasize repeatedly the extensive training required for such 
use of this, or any test. 


APPENDIX III 
Prospectus 

Surely tin* outstanding conclusion to be drawn from all of the fore¬ 
going is the considerable value, as a research and a diagnostic tool, which 
a battery of well-chosen adequately standardized tests would have for 
work with abnormal adults. Enormous as such a project seems at first 
thought,, the difficulties to bo encountered in the light of our present 
knowledge would bo chiefly financial and administrative. The value of 
small samples, when properly selected, is becoming increasingly ap¬ 
parent in many fields, and the problems involved in population selection 
are now fairly well understood, vide the Gallup polls. 

For many reasons, the Gallup technique alone would not serve, chief 

•The Bellevue InloUigencc test, defecU^no^gaSiation ” 11 Solar as research 

elected sample is headed m uSortunate tha/separate norms have not been 

apparently do not test the 
have not been included. 1 



IU v 

the familiarity 


of iho IO The test, however, appears to nave Deen w 
highly acceptable for research as well as in clinical practice, 
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among them being the reluctance of many people to take psychological 
examinations. Once the characters of the groups needed have been 
specified, the individual subjects themselves can, in our opinion, be most 
easily obtained on the surgical wards of general and private hospitals, as 
was done by Weisenburg, Roe, and McBride (1930). It is true that for 
some of the tests very nearly adequate norms could be constructed from 
reports now in the literature, but this would not permit of computing 
intercorrelations between functions, one of the important problems to 
be solved. 

Given, however, the possibility of getting an adequate standardization 
group at each desired age level, what tests would this and other research 
suggest? 

These may be considered under several headings: 

1. Attention and Memory Tests. The two types are here dis¬ 
cussed together because it is extremely important for the under¬ 
standing of psychosis to be able to distinguish between span of 
attention and span of memory. Further, the memory tests must 
be so arranged as to permit discrimination between failures due to 
inability to fixate and failures due to inability to retain. The ma¬ 
terial utilized should include among other types verbal and non¬ 
verbal (including designs) and meaningful and non-mcaningful. 
The Worcester-Wells Memory Test, as well as memory items in 
other tests should prove a useful starting point, but in this group the 
need for considerable preliminary research is indicated. 

2. Vocabulary Tests. The Stanford-Binct vocabulary is well 
known and agreement on scoring is fairly well developed, so that 
objections on other grounds seem to be overweighted. A multiple 
choice tost, such as the Thorndike Word Knowledge, meets many of 
the objections to which the Stanford vocabulary is open, but a paper 
and pencil test is generally undesirable for psychotics. 

3. Comprehension Test. The comprehension test in the Bellevue 
scale would probably serve very well, but some non-verbal item, 
such as an adult version of the Healy PC II, could well be included, 

4. Tests of Conceptual Thinking. In this group should bo in¬ 
cluded such tests as arc exemplified in the following Binet items: 
absurdities, induction, problem questions, president and king, and 
fables, and such a test as that devised by Bolles (1937). These 
should, where possible, bo of both verbal and non-verbal sorts. The 
two absurdities tests used by Weisenburg, Roc, and McBride (1936) 
each containing 11 items, were considered unsatisfactory by them 
because of the uneveness in increment of difficulty, but by combin- 
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i»S 41»‘ two, ami perhaps adding a few items at cither end of the 
scale, a satisfactory test could be devised. The analogies tests from 
the same study should prove fruitful, and arithmetical progressions 
should be considered. Several of the Bellevue Intelligence Tests 
are probably of the same basic type. 

The form in which adult norms should be expressed is of considerable 
importance. The score should be of a sort which automatically locates 
the individual with respect to the distribution of his own group, what¬ 
ever that may be taken to be. (Definition of the groups should follow 
sonic further consideration of the factor of age than the simple conven¬ 
ience of splitting by decades and it is preferable to construct norms for 
the two sexes separately, at least in preliminary studies.) A standard 
frequency distribution method recently devised by Simpson and Roe 
(10-12) offers a simple and comprehensible method which fulfils the re¬ 
quirements expressed above and has many advantages over the various 
versions of sigma scores and MA equivalents now in use. This method 
is based on the standard range concepts developed by Simpson (1941), 
and uses an abscissal decile technique. Calculation is reduced to a min¬ 
imum through the use of tables and standard charts. 
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